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ABSTRACT
Mine water, that is all forms of water associated with and affected by mining operations is probably the
largest area of concern in the environmental geology of mining.
This study looks at the inter-relationship between mine water geochemistry and mine water management.
The objectives of this study are:
1. To examine major geochemical processes influencing mine water;
2. To apply new national water and environmental legislation to the mining industry and discover how
mine water management will be regulated;
3. To examine the approach of Integrated Catchment Management, and discover how this approach can
be applied to the mining industry;
4. To conduct two case studies, where environmental geochemistry, general geochemistry and
multivariate analyses are used as tools to investigate groundwater contamination problems in mining
areas, and therefore suggest mine water management interventions; and
5. To, considering mine water problems discovered in the case studies, develop a newly-patented
chemical treatment method for possible application in the mining industry.
The changing legal framework - principally the implementation of the National Water Act (Act No 36 of
1998) and the National Environmental Management Act (Act No 107 of 1998) - is leading to the
responsibilities of a mine becoming substantially clearer, and responsibilities which in the past could have
been ignored until public outcry will now be difficult to escape.
Two case studies are investigated. In both cases, general geochemistry and hydrogeochemistry, coupled
with factor analysis are used to determine the major signatures in groundwater chemistry and the major
sources of contamination. On the basis of this, management interventions are suggested.
In the first case study, Sishen Iron Ore Mine of the Northern Cape, three signatures are identified in the
groundwater: a clean dolomitic water signature, and a contamination signature from the mine and one
from agriculture. The extent of nitrate and diesel contamination is shown to be related to agriculture, the
use of explosives and to mine workshops and depots. Surface water controls may help reduce these
problems.
In the second case study, West Driefontein Gold Mine of the Far West Rand, two signatures are identified
in the groundwater: a clean dolomitic water signature and a signature relating to contamination from the
mine. Cluster analysis is used to suggest three groundwater zones, the chemistry of one being fairly
clean dolomitic aquifer, the chemistry of the second affected by the mine and the chemistry of the third
affected by granites. Contamination is shown to be related to mining operations, especially the slimes
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dams, and agriculture. Rehabilitation of dams and dumps, as well as surface water controls may help
reduce these problems.
Considering mine water problems discovered in the case studies, a newly-patented chemical treatment
method is examined and tested for possible application in the mining industry. It is shown to be extremely
effective for the removal of calcium from water, but less effective for the removal of iron and manganese.
More broadly, this study shows the inter-dependence between mine water geochemistry and mine water
management, and the need to be multi-disciplinary in approach.
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vABSTRAK
Mynwater, dit is aile soorte water wat geaffekteer en geassosieer word met mynbou bedrywighede, is
moontlik die grootste rede tot kommer in omgewingsgeologie van mynbou.
Hierdie studie stel ondersoek in na die verhouding tussen mynwater geochemie en mynwater bestuur.
Die doelwitte van die studie is soos volg:
1. Om die hoof geochemiese prosesse te ondersoek wat mynwater beinvloed:
2. Om die nuwe nasionale water- en omgewingswette toe te pas op die mynboubedryf en te ondersoek
hoe die bestuur van mynwater gereguleer sal word;
3. Om die benadering van Gerntegreerde Opvangs Bestuur ("Integrated Catchment Managemement")
te ondersoek, en te ondersoek hoe hierdie benadering op die mynbou industrie toegepas kan word'
4. Om twee gevallestudies te doen, waar omgewingsgeochemie, algemene geochemie en multivariant
analise gebruik word as middels om grondwater besoedeling in mynbougebiede te ondersoek, en
daarvolgens om mynwater bestuurswysigings voor te stel; en
5. Om, nemende in ag die mynwater probleme wat ontdek is in die gevallestudies, 'n nuutgepatenteerde
chemiese behandelingsmetode, vir moontlike toepassing in die mynbou industrie, te ontwikkel.
Die veranderende regtelike raamwerk - hoofsaaklik die implementering van die Nasionale Waterwet (Wet
No. 36 van 1998) en die Nasionale Omgewingsbestuur Wet (Wet No.1 07 van 1998) - lei daartoe dat 'n
myn verantwoordelik moet wees om opmerklik skoner te word, verantwoordelikhede wat in die verlede
maklik gergnoreer kon word maar wat nou te moeilik is om te ignoreer as gevolg van publieke uitroepe.
Twee gevalle is ondersoek. In be ide studies word algemene geochemie en hidrogechemie, saam met
faktoranalise, gebruik om die hoof kenmerke te bepaal in grondwaterchemie en die hoof bronne van
besoedeling. Deur dit as basis te gebruik word bestuurswysigings voorgestel.
In die eerste gevallestudie, Sishen Ystererts Myn in die Noordkaap, is drie kenmerkende samestellings
qeidentitiseer in die grondwater: 'n skoon dolomitiese samestelling, en een elk van 'n myn en landbou
gekontamineerde samestelling. Die omvang van nitraat en diesel kontaminasie word aangedui as
geassosieerd met landbou, die gebruik van plofstowwe, mynwerkswinkels en depots. Oppervlak
waterbeheer mag help om hierdie probleme te beheer.
In die tweede gevallestudie, Wes Driefontein Goudmyn in die Ver Wesrand, is twee kenmerkende
samestellings in die grondwater gerdentifiseer: 'n skoon dolomitiese samestelling en 'n samestelling
geassosieer met kontaminasie van die myn. "Cluster" analise is gebruik om drie grondwatersones te
identifiseer, die eerste een se chemie stem redelik ooreen met 'n skoon akwifer, die tweede een se
chemie is bernvloed deur die myn en die derde se chernie is deur granite bemvloed. Kontaminasie word
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aangedui as geassosieer met mynboubedrywighede, veral die slikdamme, en landbou. Rehabilitasie van
damme en afvalhope, asook oppervlak waterbeheer mag help om die probleem te verminder.
Deur die mynwater probleme wat in die gevallestudies ontdek is in ag te neem, word 'n
nuutgepatenteerde chemiese behandeling ondersoek en getoets vir moontlike toepassing in die
mynboubedryf. Dit word aangewys as uiters effektief vir die verwydering van kalsium, maar minder
effektief in die verwydering van yster en mangaan.
In die algemeen, wys hierdie studie inter-afhanklikheid tussen mynwater geochemie en mynwater
bestuur, en 'n behoefte aan 'n rnultidissiplinere benadering.
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"The ultimate aim of water resource
management is to achieve the
sustainable use of water for the benefit of
all users"
Preamble to the National Water Act
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PART 1:
BACKGROUND, LEGAL AND ·
MANAGEMENT FRAMEWORK
"The water resources of· this planet are finite and
fragile, and in need of careful management"
The Dublin Dec/oration, 1992
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2PART 1: BACKGROUND, LEGAL AND MANAGEMENT FRAMEWORK
CHAPTER 1: BACKGROUND
1.1 INTRODUCTION TO THIS STUDY (THIS THESIS)
This study looks at the geochemistry and management of mine water. Mine water is the various forms of
water associated with and affected by mining operations (local surface waters and groundwater as well as
effluent) and is probably the largest area of concern in the environmental geology of mining. The pollution
of water is often visually spectacular, accompanied by public outcry, and difficult to remediate. It is also a
serious matter in terms of new water and environmental legislation, such as the National Water Act (Act
No 36 of 1998) and the National Environmental Management Act (Act No 107 of 1998).
Mine water geochemistry deals with surface water chemistry (normal aquatic chemistry), groundwater
chemistry and the associated rock-groundwater interactions. The first extensive and systematic survey of
chemical hydrogeology and groundwater chemistry was that of Hem (1959). Since that time, work in
groundwater chemistry has advanced substantially, with major developments in the study and modelling
of contaminant flow, from the 1970s onwards.
Mine water management deals with how the interactions in rrurunq operations and water systems are
controlled and regulated. The philosophy of integrated catchment management, which now forms the
basis of water management under the National Water Act, represents a shift from site-based to system-
based management of water. Mining operations have an extremeiy important role to play in this, at the
policy development, planning and implementation phases.
This study of mine water is written from the perspective of an environmental geochemist, but includes
work in geochemistry, chemistry, environmental management and environmental law. It looks at the inter-
relationship between mine water geochemistry and mine water management. It examines and
demonstrates the use of environmental geochemistry as a tool to study a situation and suggest
management interventions and develop solutions, within the. framework of integrated catchment
management.
..
The objectives of this study are:
1. To examine and review the major geochemical processes which influence mine water;
2. To apply the new national water and environmental legislation to the mining industry and discover how
mine water management will be regulated under the new dispensation;
3. To examine the approach of Integrated Catchment Management, as the nationally-favoured water
management approach, and discover how this approach can be applied to the mining industry;
4. To conduct two case studies, where environmental geochemistry, general geochemistry and
multivariate analyses are used as tools to investigate and explain groundwater contamination
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3problems in mining areas, and suggest mine water management interventions on the basis of these
investigations;
5. To, considering mine water problems discovered in the case studies, develop a newly-patented
chemical treatment method for possible application in the mining industry.
More broadly, this study hopes to show the inter-dependence between mine water geochemistry and
mine water management.
The first three objectives are considered in Part I of this thesis. The case studies (Objective 4) are
presented in Parts II and III. The case studies chosen are two very different mining operations: an open-
cast iron ore mine and an underground gold mine. Both, however, deal with contamination of major
dolomitic aquifers. Objective 5, the new treatment method, is considered in Part IV.
1.2 THE BEHAVIOUR OF METALS IN WATER SYSTEMS
....
1.2.1 INTRODUCTION
Speciation refers to the proportion of the metal in different forms, such as ions, complex molecules or
ions, colloids .anc precipitates. The impact of metals on life within a water system is dependant on the
complex the metal is in, the li§ands it is associated with, and the thermodynamic and kinetic stability of
the complex. (Femando 1995). Different metal species have different availabilities, and some metal
species are more toxic than others, for example, free Cu2+ is much more toxic than most forms of Cu(ll)
wtt*l have been complexed by organic ligands (Moffat 1997).
Much of the metal in a water system will be either adsorped onto particulate matter or in suspension,
rather than in solution as free ions (Kelly 1988). Where metals are associated with a particulate phase,
they can be transported long distances from the source. Over two thousand years of mining in the Rio
Tinto area, Spain, has resulted in high levels of acidity (1.5 to 2.1) and metal content, along the 70km
lo,!g Rio (river) Tinto. Trace metal enrichment of the Spanish coastal waters may well be related to the
Tinto river system (Leblanc et a/1995a). All tailings and waste rock from the Ok Tedi mine in Papua New
Guinea are dumped into the headwaters of the Ok Tedi/Fly River system. Elevated levels of copper,
calcium, magnesium, sodium, potassium, strontium and gold occur throughout the 1000km of river. .
system, with copper levels in recent river sediments on the floodplain being over 15 times background
values (Hettler et a/1997).
1.2.2 CHEMICAL CHARACTERISTICS
Where anaerobic and reducing conditions develop in a water system, metal sulphides may form, and be
precipitated out - although they can be re-dissoived when conditions change (Kelly 1988). The superoxide
rad~ai (02) is produced from photo-oxidation of coloured dissolved organic matter, and the radical reacts
quickly with inorganic iron and copper species in water. This results in the formation of reduced species,
and influences the overall speciation of metals such as iron and copper (Zafifiou and Voelker 1997).
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4Increase in salt concentrations in the water increase solubility and mobility of sediment-bound metals, by
competition for sorption sites, and formation of soluble complexes (Forstner and Salomons 1991).
1.2.3 RIVER CHARACTERISTICS AND SEASONAL VARIATIONS
Metal speciation and concentration is also affected by river flow regimes, leading to settling, re-
suspension, sorption or co-precipitation may occur as the flow regime changes. The drop in velocity that -
occurs when a river enters a lake results in deposition of suspended material, and diffusion and
mechanical dispersion occur. Lake-bottom sediments may act as metal sinks. This is also affected by
sediment type, as dissolution, adsorption and precipitation are partly determined by factors such as
surface area (Kelly 1988). The presence of organic material in the sediments has been found to enhance
the transfer of metals from water to sediments, taking them out (at least temporarily) of the water system
(Nriagu et a/ 1981). This process essentially buffers the availability of these metals, with high levels of
carbon inhibiting mobility of some metals, such as copper (Hettler et a/1997; Shine 1997).
Where water flows from one water body into another, there may be significant geochemical barriers. For
example, where a river flows into the sea, it is to be expected that sedimentation of much particulate
matter will occur, and some species coagulate, with the change in salinity (Kot 1998).
Seasonal variations in metal content (and pH) of water systems draining mining areas have been
recorded. A suggested factor influencing this is the 'occurrence of soluble sulphate mineral phases (e.g.
copiapite, chalcantite) in the waste pile. During the rainy season, the increased precipitation leads to a
greater amount of these minerals being dissolved (Benvenuti et a/ 1995). The formation of soluble metal
sulphates, such as chalcanthite, jarosite and halotrichite, was recorded during dry seasons at Summitville
mine, Colorado (Bigelow and Plumlee 1995). During rainy periods, these sulphides would dissolve,
leading to highly metal-rich (an acidic) drainage from the site (Bigelow and Plumlee 1995).
1.2.4 BIOTA
Phytoplankton and other small organisms scavenge trace metals from the water, and when they die and
decompose these metals are released as free ions or particulates (Kelly 1988). Some of these organisms
also scavenge metals from sediments, transferring metals from the sediments back into the water system
when they die. Migrating benthic organisms, such as the opossum shrimp Mysis relicts. can transport
;6ID _
met s from sediments, where they feed during the day, to the benthic water system, which is where they
are during the night. Mysis was shown to reiease faecal pellets containing between 5 and 24 times higher
levels of zinc and cadmium than were present in their food (Van Duyn-Henderson and Lasenby 1986).
This cycling of metals in an aquatic system is shown in Figure 1.1.
Some bacteria have been found to transfer metals from solution to sediments. In a study in the
environment of the Carnoules lead-zinc mine, France, a travertine precipitated by bacteria including
Thiobacil/us tetrooxidens and Galionella, was found (Leblanc et a/1995b). This travertine contained high
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5levels of arsenic, iron and lead. The content of dissolved arsenic in the water was lower by two to three
orders of magnitude across the travertine area. However, local changes in water chemistry could result in
dissolution of the travertine, and the release of toxic levels of arsenic into the water system (Leblanc et al
1995b).
The roots of water plants also collect metals from sediment, and can release them back into the water
system. Two examples of this are the uptake of copper (Welsh and Denny 1980), of mercury (Eriksson
and MO!1!mer 1975), and of lead (Peter et a! 1979). !n a study of South African aquatic and semi-aquatic
vegetation, various species of riverine vegetation were shown to bio-accumulate copper, iron, manganese
and zinc (Schoonbee et al 1996). When these water plants die and decompose, the metals they have
aq~~ulaht"' are released back into the water system.
Water animals, especially filter-feeding species, also bioaccumulate metals. The freshwater crab,
Potamonautes warreni, has been shown to bioaccumulate copper and chromium. Perch have been
shown to bioaccumulate copper, iron, nickel and zinc (Schoonbee et a/1996). Tilapia have been shown
to bioaccumulate copper, chromium, iron and manganese (Robinson and Avenant-Oldewage 1997).
1.3 ACID ROCK DRAINAGE
1.3.1 MECHANISMS. OF SULPHIDE OXIDATION
The breakdown of pyrite and other sulphides by water or air releases acid, sulphate and metals into the
environment. This is termed acid rock drainage (also referred to as acid mine drainage). The main
reactions involved are:
2FeS2 + 2H20 + 702 -+
4FeS04 + 02 + 2H2S04 -+
Fe2(S04h + 6H20 -+
4Fe2+ + O2 + 4H+ -+
FeS2 + 14Fe3+ + 8H20 -+
2FeS04 + 2H2S04
2Fe2(S04h + 2HiO
2Fe(OHh + 3H2S04
4Fe3+ + 2H20 (bacterial catalysis)
i5Fe2+ + 2S0; + 16H+ (Loos et a/1990)
The system is autocatalytic: the earlier reactions catalyse the later ones. This makes it difficult to stop the
reaction series once it has started (Mathesen et a/1997).
It can be seen from these reactions that pyrite can remain in reduced form' until exposed to air or water.
Certain chemolithotrophic bacteria, notably Thiobacillus ferrooxidans, use pyrite as an energy source,
catalysing pyritic decomposition. These bacteria have been found in water draining from various mine
waste deposits, and in soil in the seepage zone below the same deposits (Leos et a/1990). They are also
often found in streams near mine dumps, where they aggregate in filamentous "streamers" of bacteria,
coated in fibrillar polymers, which they secrete (Kelly 1988). The bacteria can function in an anaerobic
environment, such as in a flooded mine. According to comparisons of abiotic laboratory tests with field
studies of sites with known Thiobacillus presence (Kirby and Elder Brady 1998), the bacteria can increase
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6oxidation rates by five to eight orders of magnitude. The application of sewage sludge to a mine dump
has been shown to increase the activity of iron-oxidising bacteria, and promote acid rock drainage, in the
short-term (Cravotta 1998). This practice is followed in many United States mining operations to control
erosion.
The rate of generation of acid is controlled largely by the following factors:
1. Rate of sulphide oxidation;
2. Temperature - reaction rates for abiotic oxidation approximately double for every 10°C
temperature increase; the optimal temperature range for biotic oxidation is between 20 and
40°C;
3. The availability of carbon dioxide and nutrients such as nitrogen and phosphorous for bacterial
growth;
4. Crystal form of sulphides - amorphous sulphides oxidise more rapidly than massive crystalline
sulphides;
5. Rate of depletion of sulphide minerals;
6. Permeability and water retention of the sulphide-bearing unit;
7. Rate and proportion of removal of oxidation products from sulphide oxidation;
8. Quantity of water flowing through the site per unit time;
9. Rate of depletion of buffering minerals (see next section);
10.Permeability and water retention of the buffering minerals or units;
11.Rate of leaching of secondary minerals (James 1997).
Mining operations influence the rate of acid generation in three main ways:
1. Changing the spatial distribution of geological and geochemical units, thus potentially
exposing acid-generating units and buffering units to water and air;
2. Increasing the .porosity and air-filled porosity of the rock;
3. Increasing the surface area of rock exposed, thus' increasing the quantity of fresh, un-oxidised
minerals (James 1997).
1.3.2 BUFFERING
Acid rock drainage can be buffered by thedissolution of carbonates, aluminosilicate minerals or metal
hydroxides (Daly 1997). Carbonate minerals, such as calcite, will buffer acidic solutions until slightly alkali
conditions are' reached, or until the carbonate is consumed. The carbonate is converted to bicarbonate,
and-later deotlmposes, releasing CO2:
MeC03 + 2H+ -)-
Me2+ + HC03'
H20 + CO2
Me2+ + H20 + CO2 (where Me is a metal cation)
. MeC03+ H+
HC03' + H+
Aluminosilicate minerals buffer acid rock drainage through loss of the hydroxide phase in a neutralisation
reaction:
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7Such minerals generally buffer acid rock drainage to a weakly acidic pH: they are not as strong buffers as
the carbonates, which buffer acid rock drainage to an alkali pH (Kolonin et a/1999).
Acid rock drainage is also buffered by mixing of such drainage with run-off from carbonate rocks. For
example, a stream draining a mine could have a pH of 5. When this stream mixes with a stream draining
a carbonate rock unit, with a pH of 8, the dissolved carbonates and bicarbonates in the latter stream
could buffer the mixed water to a pH of 6 (Krauskopf and Bird 1995).
Thus for acid rock drainage to occur, oxidation of sulphides must proceed for long enough and
extensively enough to exhaust all the neutralisation potential of rock units which the water is in contact
with. As acid generation proceeds, the pH of the water system drops step-wise, as the buffering potential
of each buffering mineral is exhausted (Durkin and Herrmann 1994).
The location of the buffering minerals relative to the acid generating unit is important: if the buffering
minerals are located upstream of the acid generating unit, then buffering will be limited by the dissolution
of the buffering minerals into the water system. If the buffering minerals are located downstream of the
acid generating unit, acid rock drainage will be buffered by undissolved buffering minerals (acid will react
with the buffering minerals), as well as by dissolved buffering species. Buffering will be reduced by
armouring of buffering minerals with a layer or metal hydroxide, generally due to precipitation of salts
along flow channels (James 1997).
1.3.3 IMPACT
The acidification of the water has immediate deleterious effects on aquatic ecosystems. A direct effect is
the conversion below pH 4.2 of all carbonate and bicarbonate into carbonic acid, which dissociates into
carbon dioxide and water. This destroys the bicarbonate buffer system in the water, which acts as a
control on acidity. Secondly, since many photosynthetic organisms use bicarbonate as their inorganic
carbon source, their ability to photosynthesise is limited or destroyed altogether as bicarbonate
decomposes and becomes less available(Kelly 1988). Thirdly, decomposition (and .henc_Jtrient cycling)
will be reduced and eventually cease, in water bodies severely affected by acid inflow "Jallas and Day
1993). Fourthly, acid waters kill some organisms, by destroying ionic balances, or damaging cell
components or carbonate exoskeletons (Kelly 1988). Heavy acid and metal levels in water draining from
SummitSe mine, Colorado, are suspected to have caused the destruction of fish in reservoirs and farm
ponds downstream of the mine, in 1990 (Bigelow and Plumlee 1995).
However. the most important effects of acidification of water is the changes that result in the speciation of
metals. The solubility, mobility and bioavailability of metals is generally lncreasec by acidification of water.
This is probably the result of the combination of washout processes in rocks and soils in the catchment,
enhancing the mobility of metals, and the active remobi!ization of metals from aquatic sediments
(F6rstner and Salomons 1991)".
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8At very low pH levels, aluminium is present as the toxic species AI3+. A13+ is complexed by sol' anions
and since these are a major component of water subject to acid rock drainage, the affect on aluminium
may be reduced somewhat by this process (Driscoll and Schecher 1990). The dissolution of feldspars
and clay minerals become enhanced in acidic solution, and this results in the release of aluminium into
the water (Kelly 1988). Certain other toxic metals (principally beryllium, cadmium, copper, cobalt,
chromium, mercury, manganese, nickel, lead, vanadium and zinc) become more soluble in acidic solution
(Dallas and Day 1993; Edmunds and Smedley 1996; Astrorn 1998). The formation of a sulphate-rich
solution also has an effect on heavy metal solubility, as arsenic, cobalt, iron, magnesium, nickel and
uranium become increasingly soluble with increase in sulphate content of water (Brink et a/1990).
When acidic mine waters on the surface evaporate, they leave behind metal-bearing salts, such as
chalcanthite, a complex copper sulphate. When the next pulse of water passes through the area, these
salts redissolve, releasing acid and metals into solution, leading to sharp seasonal peaks in metal content
in water systems (King 1995).
Associated with acid rock drainage is the precipitation of iron (III) hydroxide and oxyhydroxide complexes,
which gives the water an orange colour. These are referred to as frequently as "ochres" or "yellow boy".
The hydroxides and sulphides are precipitated at moderately low pH (5-6), but once the pH drops below
4.3 they are soluble. This often means that iron (III) stays in solution near the source of contamination,
but precipitates downstream, where the pH has been neutralised somewhat, and has risen above 4.3.
These hydroxides form flocci which can block light penetration, clog the bottom of the river and have
abrasive affec~s on biota. Dissolved metals may reprecipitate when the iron (III) hydroxide floes form at
Slightly raised pH (Kelly 1988). The concentration of nickel, manganese and aluminium in these
precipitates has been demonstrated (Rose and Ghazi 1998). Iron (III) flocci also precipitate in old, flooded
mines, since once mining operations cease, no fresh pyrite is being exposed, and the pH gradually rises,
allowing for the leaching of the iron (III) hydroxides (Mining Journal 1996). Some of the iron may also be
precipitated as a phosphate, removihg this nutrient from the water system (Kelly 1998).
The release of sulphates and other sulphide breakdown products leads to increased suspended solids
and dissolved solids, and thus to salinization. This is enhanced by the dissolving effect of acidic waters on
country rock.
Acid rock drainage also leads to a reduction in dissolved oxygen concentration in the water system
(Dallas and Day 1993).
Qrganisms such as dragonflies, damselflies, mayflies, bivalves and gastropods are often destroyed in
water systems subjected to acid rock drainage. Precipitation of iron hydroxides on aquatic plant leaves
inhibits photosynthesis (Dallas and Day 1993).
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Witwatersrand gold mines, to precipitate radionucleides at the gold plant. This can lead to calcium
sulphate flocci forming. It is common practice on South African gold mines to add CaO (lime) or Ca(OH)2
(slaked lime) to slimes before putting them onto the dam. This has the aim of stabilising metals and
radionucieides. However, a recent study on polymetallic slime in a Russian tailings dam (Degtyarev and
Ermakov 1998) has shown that at pH values of 11 and over, species such as HMeO-2 and Me02-2 appear
in solution. These species subsequently breakdown when released into water systems, and metal
hydroxides term :~ the fiver water. The pH values recorded in slimes earns en the Far '/Vest Rand (Love
1997) show values in the region where this occurs. This means that the procedure may be back-firing,
and the appropriate amount of hydroxide to use should be carefully researched.
1.4 MOVEMENT OF CONTAMINANTS IN GROUNDWATER
1.4.1 GENERAL PRINCIPLES OF CONTAMINANT TRANSPORT
Contaminants move through groundwater by mass transport, and through chemical processes. Mass
transport of solutes occurs by advection and by dispersion. Advection is the process whereby solute
mass moves with groundwater flow, following flow lines, and generally obeying Darcy's Law (Domenico
and Schwartz 1997). Advection is the major process controlling mass transport in general, and usually the
major process incontaminant transport.
Dispersion is the process whereby solutes spread beyond the volume predicted by advection, at an angle
to advective flow. Since dispersion can occur at any angle to the groundwater flow direction, the volume
of the aquifer contaminated by dispersion is larger than that contaminated due to advection alone.
Dispersion takes place by diffusion and by mechanical dispersion. Diffusion is the process whereby
solutes move through water from their higher concentration to their lower concentration. This can
accelerate contaminant flow, with the result that in areas of low groundwater flow velocity, contaminant
flow velocity can exceed groundwater flow velocity (Anderson '1984). Mechanical dispersion is mixing
_':-~_e.f:'Iby-loccfl variations in the mean groundwater velocity, thai is speed and direction. Such variations
_ ~ - _ - _
are generally caused by heterogeneity in the aquifer bast rock (Domenico and Schwartz 1997),
Mixing of groundwater occurs when meteoric water mixes with connate water following uplift, or when
water or brines are forced out of a basin by abnormal pore pressures, or due to tectonic movements
opening new conduits (Domenico and Schwartz 1997). Where hydraulic conductivity is low, or where
aquifer compartment boundaries are semi-permeable, mixing can occur following recharge of some part
of the system.
Chemical processes within the aquifer can include the CO2 - bicarbonate - carbonate reactions,
dissolution of soluble salts, cation exchange and redox reactions (Domenico and Schwartz 1997). Cation
exchange often takes place between clays and groundwater, frequently involving the exchange of alkali
metal and alkaline earth metal cations (Njitchoua and Ngounou Ngatcha 1997).
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1.4.2 FRACTURED ROCK SYSTEMS
Some aquifers have a low primary porosity, but a very strong secondary porosity and so the major part of
contaminant flow occurs through fractures and deeply weathered zones. Dolomitic aquifers are a good
example of this, due to dissolution leaching and karstification (Fleischer 1981). In fractured rock systems,
the rate of flow is affected by the aperture and roughness of the fractures and the porosity of weathered
media (Freeze and Cherry 1979). Changes in lithology, for example between chert-rich and chert-poor
units, therefore have a strong effect en contaminant flow, Groundwater and ccntarnlnant 110\:.,' velocity is
affected by variation in the density and inter-connectedness of fractures, and by variations in the scale of
fracturing (Domenico and Schwartz 1997). Some fractures in a fractured rock system are often closed to
groundwater flow, and thus flow is restricted to certain channels. Fox example, a study by Neretnieks
. (1985) showed a system, where around 2% of the fractured rock carried around one third of total
groundwater flow.
A contaminant plume, moving through a fractured rock system, will, rather than spreading out, tend to
converge towards the major subterranean drainage conduits (Domenico and Schwartz 1997). Diffusion of
contaminants into the wall rock can slow down the speed of contaminant flow (Anderson 1984). The ease
.of this process depends upon the type of wall rock.
1.4.3 VADOSE (UNSATURATED) ZONE
Contaminants do not just move through the saturated zone of the aquifer. Leachate and soil water
movement occurs also in the vadose zone, even under arid conditions, where the moisture content is
below field capacity (Stone 1996). This means that contaminants from a surface source (such as a slimes
dam) can move laterally in the vadose zone, not just down into the saturated zone.
Chemical processes in operation in the vadose zone can include gas mobilisation, the CO2 - bicarbonate
- carbonate reactions, acid rock drainage, sulphate precipitation and dissolution, cation exchange,
adsorbtion and a variety of organic reactions including iron and aluminium complexation, the oxidation of
organic compounds (Dominco and Schwartz 1997).
1.4.4 THE BEHAVIOUR OF NON-AQUEOUS PHASE LIQUIDS
Non-aqueous phase liquids (NAPLs) move through water by the process of drainage (displacing water),
through capillary pressure, and by dissolution into the aquaeous phase. In the unsaturated zone, NAPLs
can spread by vaporisation, by diffusion, by dissolution into soil moisture and laterally, due to capillary
forces. A NAPL plume will percolate downwards through the unsaturated zone under gravity, moving
through pores unoccupied by water, or occupied by water which is not tightly bound to the soil or rock
particles. However, some NAPL is held in each pore at residual saturation, and downward motion only
occurs once residual saturation has been reached for a particular pore. Once the NAPL reaches the
capillary fringe of the aquifer, where water saturation is much higher than in the unsaturated zone, the
relative permeability of the pores to NAPL decreases and the buoyancy of the NAPL influences its
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downward movement. Light NAPLs (LNAPLs) thus are to a large extent held above and within the
capillary fringe, effectively floating on the top of the aquifer (Dominco and Schwartz 1997).
Dense NAPLs (DNAPLs) displace water within the aquifer, since their specific gravities are much greater
than that of water. The movement of DNAPLs is mainly governed by gravity. Thus they will (ideally) sink
through an aquifer to the basal non-permeable layer, and then flow downwards, following the topography
of the basal non-permeable layer, and not the direction of groundwater flow - the latter being governed
mainly by water pressure relations. D~~/\PLs \v:!! often form peels alcnq hetercqeneities in the aquifer,
and at the edges of fracture systems with narrower apertures than the fractures through which the
DNAPL has been moving (Dominco and Schwartz 1997). However, such pools do not always form during
DNAPL movement, for example where capillary pressure in a fracture causes an increase in the pressure
gradient within the fracture, pulling DNAPL more quickly into the fracture (Stephens et at 1998). Where
DNAPL is in contact with a aquitard, the DNAPL tends to pool and downward movement ceases and
some diffusion of DNAPL constituent into the matrix of the aquitard occurs. However, once sufficient
diffusion has occurred, and concentration gradients drop, less DNAPL is lost to diffusion, DNAPL
pressure at the edges of small fractures in the aquitard will increase, and downward motion may suddenly
restart - often years after it has apparently ended (Ross and Lu 1999).
NAPL plumes are also often associated with dissolved metals and with volatiles, such as organic gasses
and minor NAPLs such as benzene, toluene and xylenes, which have long-term health effects. These
other contaminants, due to their higher mobility, often spread much faster and further than the parent
plume. Volatile contaminants associated with any NAPL in the unsaturated zone can spread through soil
gas. Contaminants associated with a LNAPL pool at the top of aquifer can diffuse into the aquifer.
Contaminants associated with a DNAPL pool can diffuse laterally through the aquifer, and can
contaminate sections of the aquifer that a DNAPL plume has passed downwards through (Dominco and
Schwartz 1997).
Intrinsic biodegradation of nycrocarbons occurs (Chapelle 1999). In a 1998 study, Stout and Lundegard
showed that intrinsic biodegradation occurs in the unsaturated zone, close to the capillary fringe, and
increases below the oil-water interface. In their study of a continuous core through soil containing diesel
in contact with groundwater, Stout and Lundegard (1998) estimated a mass reduction of 23% in diesel
fuel below the oil-water interface, due largely to the biodegradation of alkanes. Thus a substantial amount
of the chemical changes in the diesel was attributable to biotic processes.
1.5 SOME USES OF STATISTICS
IN MINE WATER GEOCHEMISTRY AND MANAGEMENT
Multivariate analyses are a number of statistical techniques for treating large datasets where for each
case (basic unlt, eg sampling point) there are a large number of variables (eg chemical components).
1.5.1 FACTOR ANALYSIS
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Although developed as a tool in the social sciences, R-Mode Factor Analysis has in recent years proven
highly effective in studies of groundwater quality and contamination (eg Jayakumar and Siraz 1997,
Olmez et a/ 1994, Subbarao et a/ 1995). The aim of factor analysis is to present a set of variables in
terms of a smaller number of hypothetical variables (Kim and Mueller 1978). In mine water geochemistry,
these new combined variables can be interpretted as representing certain chemical signatures, and, on
the basis of these interpretations, management interventions can be recommended.
The technique examines the relationships between variables which are shown by a number of cases.
Usually, a form of principal component analysis is used, determining factors (groups of inter-related
variables) which account for the maximum dispersion of variables in the data-set. The result is a list of
factors (for example, a factor composed of potassium, sodium and sulphate), each of which factors have
a calculated eigenvalue. This eigenvalue gives a measure of the significance of the factor: the factors with
the highest eigenvalues are the most significant. A factor (as defined by its eigenvalues) is a hypervolume
in case space, defined so that the variance attached to it is maximised. The factor is rotated: a
transformation that yields maximum separation of variable clusters.
Once the factors have been determined, factor scores can be calculated for each case. These factor
scores show the value that each factor has in each case. In considering groundwater quality, factor
scores calculated for each case can be plotted onto contour diagrams, to give an idea of the distribution
of factors within the aquifer. This treatment will be used in both case studies in this study.
Q-mode factor analysis is used to look at relationships between cases: inter-case similarity. Cases can be
viewed as combinations of end-member compositions (of variables). The technique involves the use of_a
similarity matrix, and is 'similar to R-mode.
1.5.2 DISCRIMINANT ANALYSIS
Discriminant Analysis describes the characteristics of a dataset which contribute to the separation of the
dataset into (predetermined) groups. It tests the statistical significance of a classification system, and can
also provide ameans for future classification. It could be used in mine water management to test a model
accountlnq for contamination problems, where some sampling points are assigned to one group, implying
contamination from one source, and other sampling points to another group, implying contamination from
another source.
The technique' involves first the development of canonical discriminant functions, which are linear
combinations of variables, by the stepwise inclusion of variables. For each case, canonical variable
values are calculated (from the canonical discriminant functions). On the basis of the Mahalanobis
distance (distance of a case from the group centroid in canonical variable space) and the posterior
probability (probability that a case far away from the group centroid in canonical variable space actually
belongs to the group that it is assigned to) a classification matrix is produced, indicating how many cases
are in the group that they are statistically predicted to be in.
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1.5.3 CLUSTER ANALYSIS
Cluster analysis is a technique used to define groups of related variables (R mode) or cases (Q mode)
based upon high mutual similarity. A logical pair-by-pair comparison of variables or cases leads to a two-
dimensional hierarchical diagram, with the assembling of larger and larger clusters into a dendrogram.
Clusterinq of factor scores C2r1 be used to define ground'l:3ter chemica! zones (SUK 3r1C Lee ~997).
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PART 1: BACKGROUND, LEGAL AND MANAGEMENT FRAMEWORK
CHAPTER 2. LEGISLATION GOVERNING MINE WATER
2.1 INTRODUCTION
There are many aspects of water issues in mining which are subject to legal controls and protections The
concern about the pollution of water systems by mining was already being reflected in European
legislation in .the middle of the last century, e.g. the UK 1861 Land Drainage Act and 1876 Rivers
Pollution Prevention Act (Fitzgerald 1902). Regulation of waste discharge is a long-established legal
concept, and has gradually tightened as we learn more about the affects of pollution on water systems,
and ultimately ourselves. This chapter takes a look at what the current position is, and what new
legislation and policy changes are likely to mean for mine water management.
In this chapter, after looking at some introductory aspects, water legislation, which is the main control on
mining operations, will be reviewed first. Then environmental legislation, governing mainly impact....~-...
assessment will be considered, and finally, mining legislation itself, which relates to environmental impact
assessment, responsible staff and health and safety.
It is necessary to introduce a number of standard abbreviations at this point, see Table 2.1.
Table 2.1 Abbreviations Used in Chapter 2
CEC Committee for Environmental Co-ordinat.ion
CMA Catchment Management Agency
DEAT Department of Environmental Affairs and Tourism
. ~,)H- Department of Health
DME .Department of Minerals and Energy
DWAF Department of Water Affairs and Forestry
ECA Environment Conservation Act (Act No 73 of 1989)
EIA Environmental Impact Assessment
EIP Environmental Impact Plan (Filed by state departments under NEMA) ,
EMP Environmental Management Programme (Filed by mines under Minerals Act, Act No
5.0 ot 1991)
EMPL Environmental Management Plan (Filed by state departments under NEMA)
EMPR Environmental Management Programme Report (Filed by mines under Minerals Act,
Act No 50 of 1991)-
MEC Member of Executive Council (a provincial cabinet minister)
MWR Mine Water Regulations: "Regulations on use of water for mining and related activities
aimed at the protection of water resources", Government Notice R704 of 4 June 1999
NEMA National Environmental Management Act (Act No 107 of 1998)
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NWA
Water Use Authorisation Management System
National Water Act (Act No 36 of 1998)
WARMS
Throughout this chapter, the words "the Minister" apply to the Minister in charge of the department whose
legislation is under discussion in that context.
2.1.1 THE CHANGING LEGAL AND POLICY ENVIRONMENT
The ongoing reviews of South African water and environmental law, which Andre Rabie (1999: 121)
argues are the "most fundamental and comprehensive re-assessment of environmental policies in South
Africa's history" form part and parcel of the post-1994 changes to South African government and society.
As such, the national water and environmental management policies form an important part of the
Reconstruction and Development Programme (RSA 1994). The RDP identifies six basic principles, of
which four are fundamental to the chances in water and environmental policy (RSA 1994: 8-9):
1. Integration and sustainability of all programmes: Policies are being integrated and dove-tailed,
to provide a single framework for the administration of environmental management. Sustainability
is now a key principle in both water and environmental management;
2. People-driven programmes: empowerment of people and of communities rather than delivery
of services to a passive populace. Programmes such as the "Working for Water Programme" are
people-based, and involve people in the development of the water sector;
5. Meeting basic needs and building infrastructure: this is a key area in water policy. It is also one
_-. which has been identified in a survey (Webster 1999) as the government's best delivery area for
working people.
6. Democratisation of all aspects of governance, and participation of all parties in the decision-
making process. The extensive consultation processes followed by DEAT and DWAF in
developing policies is an example of this. The new Catchment Management Agencies will take
the control of water away from bureaucrats and put it in the hands of the users-and local
communities.
Whilst large aspects of the RDP were replaced by _the Growth; Employment and Redistribution
Programme (GEAR) in 1996, the RDP projects in environmental and water affairs remain major policy
and implementation targets of the government. These key targets are:
1. Environmental protection and sustainable development,
2. Water supply schemes,
3. Democratisation of water governance,
4. -Complete review of water legislation (completed in 1997),
5. Community-based water development (RSA 1994: 63, 80).
Environment and water policy is changing in a substantial way, with three major acts passed since 1994.
These are the:
1. National Water Act (Act No 36 of 1998) (NWA);
2. National Environmental Management Act (Act No 107 of 1998) (NEMA); and
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3. Water Services Act (Act No 108 of 1997).
Two other acts from a decade earlier remain key to water and environmental management in the mining
industry, the:
1. Minerals Act (Act No 50 of 1990) 1; and
2. Environment Conservation Act (Act No 73 of 1989) (ECA).
The way in which courts handle environmental law and law affecting the environment is also changing. A
landmark decision was that in the recent Vaal River mining case", where the Supreme Court of Appeal
noted in an unanimous decision:
"Our Constitution, by including environmental rights as fundamental, justiciable human
rights, by necessary implication requires that environmental considerations be accorded
appropriate recognition and respect in administrative process in our country. Together
with the change in the ideological climate must also come a change in our legal and
approach to environmental concerns.f
Judgements made by courts have a broader affect than legal precedent, as, where publicity is given, they
impact on the general public's consciousness (Gutto 1995). This has important implication for consultation
and public participation requirements of much water and environmental legislation.
Extremely relevant to this are provisions of new legislation requiring acts governing other activities, such..
as the Minerals Act, to be interpreted in a way consistent with specific environmental and water
management principles (Ferreira et aJ 1999).
2.1.2 DIVERSE GOVERN1\NCE
Different aspects of water and environmental policy are enforced by different departments and different
acts. The current situation in regard to South African water and environmental legislation is complex,
~en fragmented, as several government departments are involved: DME, DEAT, DWAF and DH, and
previously the Department of Labour (see Table 2.1 above for abbreviations used in this chapter). It
remains a major goal of environmental and water law reform to de-fragment the regulation and
administration of the environment. The division of governance is shown in Table 2.2, overleaf.
1 The Minerals Act is under review: future policy is indicated by the 1998 White Paper on a Mining and Minerals
Policy for South Africa .
2 Director: Mineral Development, Gauteng Region and Another v Save the Vaal Environment and Others 1999(2) SA
709 (SCA)
3 1999(2) SA 709 (SCA): 7190
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Table 2.2 Division of Governance of Water and Environment, as applied to the Mining Industry.
Water Extraction DWAF NWA 2.2.2
Environmental Management DME Minerals Act (Act No 50 of 1990) 2.4.1
Programme
Environmental Impact DME or Respectively: either EMP under 2.4.1 and
Assessment possibly Minerals Act (Act No 50 of 1991) will I 4.2
DEAT apply or possibly NEMA 1
Environmental Control Officers DME Minerals Act (Act No 50 of 1990) 2.4.1
Waste Disposal into Water, DWAF NWA 2.2.2
Disposal of Waste Water
Solid and Gaseous Waste DEAT ECA 2.4.1
Management.
Pollution of W~ter DWAF NWA 2.2.2
ow Reduction DWAF NWA 2.2.2
Damage to Farms DME Minerals Act (Act No 50 of 1990) 2.4.1
Controlled Activities DME or Respectively, either may be considered 2.4.1 and
possibly unnecessary by application of Minerals 2.4.2
DEAT Act (Act No 50 of 1991~ or possibly will
be governed by NEMA
Duties of Care: Environment DEAT NEMA 2.4.2
Duties of Care: Water DWAF NWA 2.2.2
Closure of Mine DME Minerals Act (Act No 50 of 1990) 2.4.1
Health and Safety of DME Mine Health and Safety Act (Act No 29 2.4.3
Workforce of 1996)
Occupational Health DME or Respectively, either Mine Health and 2.4.3 and
Workplace Services possibly Safety Act (Act No 29 of 1996), or
2.5.1DH possibly legislation that may flow from
the White Paper on the Transformation
of the Health System in South Africa3
Selling of Water DWAF Water Services Act (Act No 108 of 1997) 2.2.1
Environmental Management DEAT NEMA 2.4.2
Co-operation Agreements with
companies or individuals
Consultation by Government DEAT NEMA 2.4.2
on Environmental Matters
Consultation by' Government DWAF no yet formal policy or law: speech by 2.2.4
on Water Matters: Water Kader Asmal, May 1998
Forum
1 Regulations not yet promulgated by DEAT: mayor may not include mining.
2 Regulations not yet promulgated by DEAT: mayor may not include mining.
3 White Paper only: it is uncertain whether or not future legislation by DH will place regulation of occupational health
workplace services under DH governance, or leave it under DME governance.
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2.1.3 AREAS OF CONCERN
A major concern in the field of water and environmental policy is conflict between needs of the
environment, the making of profit and the generation and/or maintenance of employment. The aim in
much of the new policies is to obtain some kind of balance. As a statement on mining policy by the
National Union of Miners (1995) pointed out, "Maintaining a healthy environment does not have to be at
the expense of jobs". In the past, ieqisiation was skewed primarily towards big business. ii is to be hoped
that the responsible development and application of the new policies and laws will develop a healthy,
workable balance between the needs of environment, labour and capital.
A concern- which has been raised in regard to many of the policy initiatives by several stakeholders,
notably the Chamber of Mines, is the need to "avoid burgeoning bureaucracy" (e.g. Chamber of Mines
1998a). However, if changes in water and environmental policy are to be brought about, and especially if
impact on water systems and the environment in general is to be more easily controlled, more agencies.. . ..
and more officials will be needed to implement these regulations. It is also important to note in the case of
water management that control is being placed in the hands of local communities and users, not central
bureaucracies.
Another concern is the implementation gap: the lack of capacity to implement new policies, especially at
local level. Much training in environmental, water and management issues will be essential, especially for
the decentralised, catchment-based management approach favoured by DWAF and NWA and areas of
provincial competency in environmental management (see for example, Winstanley 1998). Some of the
White Papers note this need, but capacity development has yet to begin in any real sense.
.- 2.2 WATER LEGISLATION
2.2;1 WATER SERVICES ACT (ACT NO 108 OF 1997)
This act is mainly concerned with the management of water services: institutions involved ill providing
water. Most aspects of the act are not directly relevant to the mining industry. However, some mines may
be water service intermediaries'. A water service intermediary is an individual or organisation which
supplies water under contract, but where supply of water is not the main object of the contract". A local
government body can require the registration of an organisation (or company) as a water service
intermediCfT'y~,after which the organisation is req-uired to .!'leet minimum standards of quality, quantity and
sustainability as prescribed by DWAF and the local government body". In the event of failure to meet
obligations, such as quality of the water provided, on the part of the water service intermediary, the local
government body can intervene and take control of all relevant equipment until the situation is resolved".
, Chapter V
2 Section 1(xxil}
3 Section 24 --
• Section 25
5 Section 26
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Cases where mines could be declared water service intermediaries are those where mine water or fissure
water is supplied for irrigation. An example of this is Sishen Iron Ore Mine, which supplies about 20% of
the water it extracts, to farmers for irrigation, as well as to the Kalahari Water Board (Gregory, pers.
comm. 1997). Another example is the group of mines that make up the Far West Rand Dolomitic Water
Association (the FWRDWfl.: Blyvooruitzicht mine, the Driefontein mines, the Kloof mines and Western
Deep Levels mine). The FWRDWA and its members supply fissure water for irrigation to farmers in the
area. These two examples are tile subject of case studies in parts 2 and 3 of this thesis, respectively.
In terms of material change, the act is not likely to affect these mines much. What will happen is that
DWAF, and the local government bodies, now have greater control over the supply of water, and can step
in to ensure quality, even where water is supplied on a private basis.
2.2.2 NATIONAL WATER ACT (ACT NO 36 OF 1998) (NWA)
The NWA covers the administration, protection, use and management of surface water (rivers, wetlands
and lakes), groundwater and parts of the sea. The mining industry is a major water user: both in terms of
consumption, and in terms of disposal of waste water. Some mining areas are also water producers, e.g.
mines on the Far West and Far East Rand. For these reasons, it is important to establish the affect that
the NWA will have on mining operations and on mining industry professionals, both in terms of
responsibilities and of benefits.
General Concepts
Foundations
There are four foundations to the NWA:
1. ,Water is a part of the national heritage, belonging to the people. It is held in trust for the people by
the state.
2. All forms of water use, from all sources (surface, sub-surface, marine and atmospheric) are
subjected to resource quantity and quality considerations and equity considerations. Water use is
, 1
defined broadly as any use of a water system, and includes:
a) Consumption of water from a surface, sub-surface or marine water body;
b) Storing water, which could include artificial recharge;
c) Impeding or diverting flow in a water course;
d) -_ Disposal of water! or disposal of wastes into water, or disposal of wastes in a way which
might affect a water resource;
e) Altering the bed, banks. course or other characteristics of 'a river, which would include
mining of alluvial gravels;
.» f)
g)
Dewatering of an aquifer;
Any controlled activity (see later);
~) Recreational use.
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DWAF will issue licenses and general authorisations for these water uses.
3. Consolidated regulation, but local administration of all forms of water use. Regulation will be by
DWAF at a national level, and administration will be by Catchment Management Agencies at a
local level.
4. The primacy of the reserve':
i) See Figure 2.1 for a diagrammatic explanation of the concept of the reserve. The
reserve is that part of water vvrticr, is not available for licensed use, and includes
water reserved for ecological need, and water reserved for basic human need.
The concept of the reserve includes water quantity and water quality.
ii) The reserve is calculated either for an entire water resource (e.g. aquifer,
catchment) or for part of that resource. The calculation is published in the
Government Gazette for comment, prior to DWAF finalising the reserve".
iii) With surface waters, ecological need refers mainly to riverine ecosystems, and
maintaining river flow. With respect to groundwater, ecological need could include
baseflow to rivers, flow to riparian vegetation, and the maintenance of a certain
groundwater level so as to prevent of sinkholes or seawater influx (Braune and
Reynders 1998).
iv) "Basic human need" is defined in terms of water prescribed under the Water
Services Act (Act No 108 of 1997) as a 'basic water supply'. The Water Services
Act states that everyone has a right to basic water supply, a sufficient water
quantity and quality to support life and personal hygiene4. This is currently set at
251 per person per day.
Principles
In managing water, DWAF and all authorities will follow a series of principles. These principles must also
be applied in interpreting the Act. The principles are set out in the Purpose of Ad':
a) Meeting the basic human needs of present and future generations;
b) Promoting equitable access to water;
c) Redressinq the results of past racial and gender discrimination;
d) Promoting the efficient, sustainable and beneficial use of water in the public interest;
e) Facilitating social and economic development;
f) Providing for growing demands for water use;
g) ~tecting aquatic and associated ecosystems and their biological diversity;
h) Reducing and preventing pollution and degradation of water resources;
i) . Meeting international obligations_;
j) Promoting dam safety; and
k) Managing floods and droughts.
1 Section 21
2 Sections 16-18
3 Section 16
4 Section 3
5 Section 2
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This will mean that in areas where the use of water by mining has had adverse effects on people or the
ecosystem, the DWAF may limit future use. It also means that where a water resource could be allocated
to one of several communities, poor communities, and Black1 people could be favoured over white-
dominated mining concerns. It also possible that in the event of a conflict over water use between a large
mining house and a smaller company, the smaller company might be favoured.
There is much reference throughout the NWA to requirements for consultation. However, a small sub-
section states that
"A failure in good faith to consult with or send notice to any relevant person or body as
required by this act does not invalidate any act of process for which such consultation
is txerequisne"
This could allow the Minister of a CMA to ignore stakeholders - and claiming error 'in good faith' -
continue anyway. It has the potential to undermine seriously the consultative aspects of the new
legislation. Interestingly, this section was added to the legislation subsequent to the publication (January
1998) of the National Water Bill.
Phasing In of the Act
The four phases involved in bringing the NWA into force will be:
1. Establishing catchment management authorities;
2. Voluntary registration of existing water usage;
3. Development of resource management scenarios; and
4. Legitimisation and definition of water use allocations (DWAF 1998).
Any act performed under any of the 92 laws repealed by the NWA, if not inconsistent with the new act,
remains valid until overridden by the NWA3. It is not expected to change the entire system overnight. The
concept of "existing lawful water use'", enables water users under the terms of the 1956 act to continue
their usage for a limited period (years). Although the NWA speaks a lot about redistribu~ion, the. existing
user has a powerful claim to the water, and so it is possible that few major changes' in water currently in
use will occur.
Catchment Managemenf'
Much of the management of water affairs will be delegated to Catchment Management Agencies (CMAs).
CMAs will conduct water resource management at the regional or catchment level. CMAs are established
in a transparent and participative process. All stakeholders (local and provincial government, different
water user groups, environmental interest groups and so on) will all be represented on CMAs. Catchment
1 The word "Black" is used inclusively, to include all persons who under apartheid legislation would not have been
classified as 'While".
2 Section 161 (3) (my emphasis)
3 Section 161(2)
• Sections 32-35
5 Chapter 7
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Management Agencies and the concept of integrated catchment management are discussed in Chapter 3
of this thesis and so will not be discussed further here.
Appeals And Dispute Resolution
The Water Tribunal1 is established as a permanent body, hearing appeals against decisions made by
DWAF, the minister, a CMA, or any other body involved. The Tribuna! wiii be composed of leqal,
engineering and water management professionals, as well as any other fields of knowledge deemed
relevant. Appointments to the Water Tribunal are made by the Judicial servce Commission, under the
Constitutlon" and the Wa1er Research Commission - the Tribunal is independent. Decisions of the Water
Tribunal may be appealed against to a High Court.
Criminal Offences Under The Act
Failure to comply with the NWA is a criminal offence, but some areas need highlighting where
professionals could be committing offences:
1. DWAF or other water management institutions can require data, books, accounts or other details from
a consultant, and failure to provide these is criminal, as is supplying an authority with false or
-misleading informatiorr';
2. Causing pollution", which would apply particularly to exploration consultants, who conduct activities',
rather than to environmental consultants, who are generally advising;
3. Contempt of the Water Tribunals; and
4. Directing an employee.to conduct an activity which is in itself an offence, or giving express or implied
. permission to an employee to commit an offence".
The Role of Environmental Geochemists, Geohydrologists and Hydrogeochemists
One major effect of the NWA will be that a lot more data is going to be needed, in terms of water quality,
quantity and flow data, both for surface waters and for groundwater. Water will be managed in a much
more integrated way than the current position, with the result of water resource systems modelling
becoming very important, necessitating training and technology transfer (Braune and Reynders 1998).
Environmental geochemists, geohydrologists and hydrogeochemists will have a lot of work in the years to
come, determining and modelling water quality and quantity, and impacts.
1 Sections 146 to 150
2 Section 178 of Act No 98 of 1996
3 Section 151 (1) b) and f)
4 Section 151 (1) i) and j)
5 Section 151 (1) m)
II Section 154 and Regulation 14(2) of the sector-specific Mine Water Regulations, Notice R704 of 4 June 1999
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General Aspects of Licensing of Water Use
The national government (and hence DWAF) is trustee of the nation's water, in all its forms". Water will no
longer be private property, but is held in trust, as part of the national heritage. There are five ways in
which water use is permitted under the NWA:
1. Permissible, unlicensed water use;
2. Existing lawful use (as discussed above);
3. Licenses;
4. General authorisations; and
5. Authorisations from government departments other than DWAF2.
With any water use, the Minister may make sector-specific or area-specific regulations, or restrict the
water use under certain circurnstances.i
Permissible, Unlicensed Water Use
This is unficensed but legal use of water obtained from land owned or occupied by the user". Such use
doesnot override any law, bylaw or regulation. Permissible uses are:
1. Reasonable domestic use (for domestic use water may be extracted from any water resource to
which the user has legal access);
2. Small gardening (non-commercial);
.~~ .-Watering of a reasonable number of animals;
4. capture of run-off f.rom a roof;
5. Recreation;
6. Emergency uses; and
7".__Qjscharge waste or run-off into a permitted conduit (such as mains sewaqe)".
This would mean, for example, that a mining operation does not require a license to extract water for
.~ommodation and offices, or for operating a recreational club, of for disposing of sewage into a legal
sewage main operated by a third party.
Licenses
A license will permit a water user to perform a particular water use'. A license will have conditions relating
to the type of water use. Water use charges may be affixed, see later. A license is for a fixed (not more
than 40 years) or indefinite period (cancellable with not more than 40 years notice). Licenses can be
renewed or amended. When a license is applied for, the licensing authority (CMA or DWAF) may require
the applicant (at his or her own expense) to provide an assessment of the likely effect of the proposed
license on the quality. and quantity of the water resource and on interested and affected parties, and to
provide an "independent review of such assessment. The authority can also conduct its own assessment
, Section 3
2 Section 22( 1)
3 Section 26{ 1)
~ Section 22( 1)(a)
5 Schedule 1 of t#VA
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and invite comments". Security, in the form of surety, a letter of credit or an insurance policy, may be
required. In issuing a license, the licensing authority (usually the CMA, but occasionally DWAF) must
consider the principles set out in Section 2, as well as the socio-economic impact of the decision, and any
current catchment management strategies. The licensing authority is required to give written reasons for
any decision regarding licensing to anyone who asks for such reasons".
When a person previously had a right to water use, and a iicense is refused, or issued for a smaller usage
than the existing requirement, the user may be entitled to compensation. If a license is voluntarily
surrendered, refunding with respect to water charges is possible.
From time to time, a CMA (or DWAF) may find it necessary to apply more stringent controls on water use.
This will be through compulsory licenses in respect of a specific water resource", which replace previous
entitlements to water from that resource. This provision will generally be invoked in the event of threat to
a water resource: in times/areas of water stress (where demand is exceeding supply) or where water
quality is under threat. The CMA or DWAF will publish a notice in the Government Gazette (and
elsewhere). notifying all water users that they must apply for licenses, whether they currently have them or
not.
General Authorisations
A general authorisation allows water use without a hcense". An authorisation can only be issued after
consultation with interested and effected parties. An approved authorisation is published in the
Government Gazette. An authorisation can be issued generally, with regard to a specific water system, or
within a particular geographic area. Like a license, a general authorisation will include regulations and
.conditions. Water use charges- may be affixed. A general authorisation could be used to allow mining
operations, particularly in historical mining areas like the Rand, to continue operations largely unaffected,
. or with limited' controls.
The first gene'ral authorisation was issued on 8 October 19996. It covers abstraction of water, irrigation
using waste water or water containing waste, and waste disposal and is for all persons with legal access
to water for a duration of five years, or until persons are directed to apply for licenses. It is thus,
essentially, a transitional measure, to allow for rnlnirnaily-requlatec legal water use until such time as the
national water management scheme and the catchment management authorities are established.
1 Sections''27 to 31
2 Section 41
3 Section 42
4 Sections 43 to 48
5 Section 39
e Notice 1191 of 8 October 1999
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Authorisations from other Government Departments
DWAF or a CMA can dispense with licensing if it is satisfied that water usage is satisfactorily controiled
under a different taw'. This means that the DME can authorise water consumption or disposal by mines,
but only if:
t. DWAF i the CMA is satisfied that the control is satisfactory,
2. DME follows the principles of Section 2 in authorising water use.
This would mean that even if DME was prepared to grant water authorisation, DWAF or the local CMA
could block this if it 'felt that the water distribution was damaging water resources, or unfair, or not
redressing historical imbalances, or hindering development, or damaging ecosystems. So, for example, if
DME is satisfied with water disposal from a coal mine in Mpumalanga, but if DWAF or the local CMA view
the disposal as dangerous to the local communities, the authorisation will not be granted. Or if a mining
operation wants to make use of underground water, and there is a dispute with local farmers, DWAF or
the local CMA may intervene despite DME authorisation for the mine.
This section is likely to be used to allow the inter-departmental administration required by the National
Environmental Management Act (Act No 107 of 1998).
Water Use Authorisation Management System (WARMS)
WARMS is an electronic system, currently under development by DWAF, for the electronic management
of license applications, and should currently be complete (Howman et. al. 1998). A water user can submit
a license/authOrisation application to WARMS, and query the progress of the application at any point after
that. WARMS will automatically handle queries, fees arid invoicing, but will not approve applications - this
is up to the responsible authority (CMA, DWAF, etc.). WARMS will contain DWAF laws, regulations and
schedules, as well as authorisations pertaining to other departmental licensing and laws and guides and
manuals. It will also inter-link to DWAF databases, such as those on water quality. Any user or member of
the general public will be able to query DWAF on any aspect of any license (Op. Cit.).
An effect of WARMS is that water authorisation and quality data will be readily available to the public. In
actual fact, this is currently the case, but members of the public are generally unaware of this, and the
data is not easy to obtain. WARMS could change this.
Water Use Charges
There is provision in the NWA2 for the minister to introduce water use charges, to cover the total
expenses of water resource management and development (DWAF 1998). Water use charges will be
applied to lice.nses and general authorisations. When full cost recovery is practised, the charges on 10
1 Section 22(3)
2 Sections 56 to 60
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million m3 treated water could come to R9 million (Pretorius et a/1 998). The charges will be phased in by
each CMA by determining the acceptable annual increases for the phasing in of the full financial cost
recovery tariffs on water sold from government schemes. However, the aim is to have full cost recovery in
place by 2001 (Op. Cit.).
The pricing policy can differentiate between different, uses, users and geographical area - i.e. the pricing
may not be uniform. This wiii aiiow responsible water use [0 be cheaper, as wei! as considerinq socio-
economic factors. and reliability of supply. For example, a mining operation in a depressed economic
area, such as the O'Okiep Copper District, might possibly be levied lower water use charges than one in
the Gauteng goldfields. Water use charges may not be levied by the department for uses such as
>
reasonable domestic, gardening or livestock watering uses. There is also provision for financial
assistance 1.
One effect of the new water use charges will be an incentive to treat and reuse water on site (Van den
Berg 1998). Such water would carry no use charges, since it would already have been paid for once.
When the full financial cost recovery tariffs are in place, such reuse may well be much cheaper than
buying fresh water.
Breach of Ucense or Authorisation ConditionslRegu/afions2
A license or authorisation can be suspended or revoked for breach of authorisation conditions, or breach
of the NWA, or for non-payment of water charges. In the event of violation of license or authorisation
regulations, DWAF or a CMA (or some other authority, e.g. a provincial government) may direct certain
actions to be undertaken to alleviate the problem caused by breach of conditions (e.g. remediation), and
failing that, intervene and taken action itself. In the event ofsuch intervention, the costs incurred can then
be recovered from the licensee.
A responsible authority may take control of equipment involved in the relevant water use". Such
equipment coulc include waterworks, treatment plants, canals, pipes or boreholes. If a mine was under
prosecution for contraventions of a water disposal license, the treatment plant and disposal system could
be commandeered and closed by DWAF, possibly necessitating suspension of mining.
This means that compliance with regulations and conditions will need to be strict.
In severe cases of breach of license or authorisation, the license or authorisation could be cancelled.
1 Sections 61 and 62
2 Sections 53 to 55
3 Section 64
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Regulation of Mining Operations
There are two main ways that mining operations are regulated under the NWA:
1. General provisions of the NWA, and regulations filed under those provisions, which relate to defined
water uses in all sectors 1; and
2. Specific regulations written to regulate the mining industry: under the NWA, the minister may make
regulations regulating certain activities to protect water resources", and in June 1999, the Minister
exercised this prerogative and promulgated specific regulations for the mining sector, hereafter
referred to as the Mine Water Regulations, MWR3.
Information and Notification
Most water uses must be registered with DWAF. Initial regulation requiring registration of water uses were
filed on 12 November 19994, and specific requirements for registration in each province were filed in the
first half of 2000. Notable (for mining operations) among these are the Gauteng5, Northern Province",
Mpumalanga7 and Kwa-Zulu NatalS requirements, specifying registration for, among other things:
1. Taking water from a water resource;
2. Storing water;
3. irrigating with waste water or water containing waste generated through any industrial activity or by
water works;
4. Discharging waste or water containing waste into a water resource through a pipe, canal, sewer, or
other conduit;
5. Disposing of waste in a manner which may detrimentally impact on a water resource; and
6. Removing, discharging or disposing of water found underground if it is necessary for efficient
continuation of an activity or for the safety of people.
In terms of the MWR9, DWAF must be informed of the opening or closure of a mine and of emergency
incidents 10 at a mine. DWAF must be informed at least 14 days prior to the opening or closing ofa mine,
or the commencement, suspension or ending of specific activities at a mine, such as the opening of new
processinq plants 11. DWAF must also be informed of any changes to the mine's Environment
Management Programme (EMP) 12. Furthermore, the Minister must be supplied with plans and reports not
later than 60 days prior to the commencement of activities relating to
1 Section 212 .
Section 26(1)(g)
3 Notice R. 704 of 4 June 1999
• Notice R. 1352 of 12 November 1999
5 Notice 387 of 4 April 2000'
B Notice 576 of 9 June 2000
7 Notice 536 of 2 June 2000
8 Notice 577 of 9 June 2000
9 Regulation 2
10 See next section of this chapter for a discussion on dealing with pollution and emergency incidents under NWA
11 Regulations 2( 1) and 2(2)(b)
12 Submitted under Section 39 of the Minerals Act (No 50 of 1991)
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1. Construction of surface dams 1 (slimes dams, tailings dams, slurry dams, evaporation ponds and so
on)2; and
2. Implementation of pollution control and water control measures for waste, rock and residue" dumps".
The Minister may request a copy of all the underground and surface plans of a mine upon closure or
suspensions of operations". These measures should keep DWAF informed of the mining operations
which are going on, and allow them to react quickly to any danger to water resources. Emergency
incidents are discussed in the next section of this chapter ("dealing with pollution and emergencies").
Restrictions on Locality of Operations
Mining and certain mine operations are prohibited and restricted in certain areas by the MWR6:
1. Mining, either underground or opencast, and prospecting or the establishment of any plant or refinery
is prohibited within the 1:50 year flood-line or within 100m of a watercourse or estuary':
2. Tailings or slimes dams, settling or evaporation dams, various miscellaneous darns", ash dumps,
rocks dumps, plant waste dumps and other miscellaneous dumps", and any form of mine plant may
not be located within the 1:100 year flood -ine or within 100m of a watercourse or borehole 10, or on
water-logged land or land which is likely to become water-logged, undermined, unstable 11 or
cracked":
3. Sanitary facilities, fuel depots and depots for any other substance which might cause pollution may
not be located within the 1:50 year flood-line; and
4. No form of waste or residue 13 may be disposed of in mine working or any other excavations in a way
which is likely to cause .pollution of a water resource 14.
Water Extraction
The extraction of water from any water body (surface, ground and marine waters), and its storage, is
defined as a water use 15 and requires a license or general authorisation under the NWA 16. The license or
general authorisation can specify:
1. Quantity of water;
2. Location of extraction;
1 Dams as defined in Regulation 1
2 Regulation 12(6)(a)
3 Residue as defined by Regulation 1
4 Regulations 12(6)(b) and (c) .
5 Regulation 9(3)
6 Regulation 4
7 Regulation 4(b). This regulation ~does not apply- to the extraction of sand and alluvial minerals, which is regulated
separately: Regulation 10 .
6 Dams as defined in Regulation 1
9 Residue as defined by Regulation 1
10 Excluding boreholes drilled for pollution monitoring
11 This would reasonably be taken as including land susceptible to sinkholes
12 Regulation 4(a)
13 Residue as defined by Regulation 1
14 Regulation 4(c)
1~Section 21(a)
HI Section 22
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3. Rate of extraction;
4. Construction methods of a borehole;
5. Limits on where the water may be taken to or used at;
6. Limits on times when extraction is permitted;
7. Storage locations; and
8. A water use association the user must join 1.
Part 1 of the October 1999 General Authorisation regulates the following:
1. Registration to use water;
2. Quantity of water used metered monthly or gauged weekly;
3. Measures to alloVi migration of river creatures across river dams and weirs; and
4. Maximum annual abstraction volumes, according to the size of the property or land.
Requirements of Mine Water Systems
The MWR prescribes certain ways of operating mine water systems". The clean water system" must:
1. Confine all unpolluted water to the clean water system;
2. Keep clean water away from parts of the mine that might contaminate it4; and
3. Be designed to not flood more than once in 50 years".
The dirty water system" must:
1. Collect all water flowing out of areas of the mine that might contaminate water", including mine
workings and "natural contamination" from outcrops";
2. Be designed to not flood more than once in sovears"; and
3. Be designed so that any dams involved have a freeboard of at least 0.3m above full supply level'".
Waste Dispose!
Waste disposal into water, or disposal of waste water, is defined as a water use 11 and requires a general
authorisation or a license under the NWA12. Quality, temperature and volume requirements will be set, as
well as monitoring and conservation measures, and details of where disposal will take place". Under this
system, an institution wishing to discharge waste into water must pay user charges. This complements. .
1 Section 29(1)"(e)
2 Regulation 6
3 Defined as including any dam, other form of impoundment, canal, works, pipeline, or water conveying facility for
unpolluted water
4 "dirty areas" in terms of Regulation 1
5 Regulations 6(a) and (b)
e Defined as including any dam, other form of impoundment, canal, works, pipeline, or water conveying facility for
water containing waste. This is referred to as "process water" on some mines
7 "dirty areas" in terms of Regulation 1
8 Regulation 6(c)
9 Regulation 6(d)
10 Regulation 6(e)
. 11 Section 21(f)
12Section 22
13 Section 29(1) c)
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the old "command and control" approach, where DWAF defined acceptable levels of discharge. Under the
old system there was no economic incentive to control pollution - it could be done for free (Van den Berg
1998). However, under the new system, with better waste controls, there should be smaller user charges
paid.
Part 3 of the october 1999 General Authorisation requires compliance with the following:
1. Registration of user; "
2. Chemical composition of waste, with stricter limits set for water resources identified as of greater
importance;
3. Weekly quantity and monthly quality monitoring;
4. Siting of wastewater storage dams above the 1:100 year flood-line, and more than 100 metres from.:;-
the edge of a water resource or a borehole which is utilised for drinking water or stock watering, and
not overlying a "major aquifer'":
5. Special registration for storage of more than 1000 cubic metres of waste water;
6. Use of SABS-accredited laboratories for chemical analyses,
With specific reference to the disposal of mine waste and waste water into mine dams and dumps may be
done in terms of the General Authorisation (and therefore without a license), only if it is done in
accordance with:
1. ·1'tle MWR;
2. SASS Code 0286 (1998 Mine Reside standards); and
3. The gener'al regulations provided for all waste water disposal in the General Authorisation."
However, this does not apply to mines likely to generate acid rock drainage, which are not covered by the
General Authorisation and must apply for lndividual ticenses.:'
Waste disposal will in the future likely be regulated through integrated pollution and waste management
legislation (see section 2.3.3 of this chapter). r"
General Measures for the Protection of Water Resources from Mining Operations
The MWR makes a number of general provisions aimed at protecting water resources":
1. Retain or conect waste, water containing waste and any material likely to cause potlution'';
2. Construct and maintain all water systems and dumps to prevent pollution and damage to the riparian
environment";
3. Minimise the flow of surface water into underground or surface workings or other excavations or
cavems, through natural or artificial channels':
4. Build darns and dumps so as to prevent failure, erosion and leaching as far as possible 1;
1 Identified by DWAF on request
, 2 Section 4.10
3 Section 4.1 O(a)
4 Regulations 7 and 8
5 Regulation 7(a)
e Regulation 7(b)
7 Regulation 7(c)
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. 5. Not make use of materials that might damage a water resource in construction or similar activities':
this would include use of much material from mine dumps, especially pyrite-rich rocks.
6. Recycle water as far as possible'':
7. Keep wat~r systems free form obstructions to flow";
8. Obtain proper authorisation for the disposal of all domestic waste": and
9. Ensure proper access control of pollution control facilities and any dams or dumps containing
hazardous material".
Controlled Activities'
Certain activities are specified or can be declared as controlied activities and, as such, defined as water
uses", thus requiring a general authorisation or a license under the NWA9. These include:
1. Irrigation of land with waste, or water containing waste, such as is practised on the Far West Rand;
2. Cloud-seeding and similar activities;
3. Recharging of an aquifer with waste or water containing waste;
4.. Power generation activities which affect rivers 10; and
5. Further controlled activities declared to be such by the minister, if an activity is impacting
detrimentally on a water resource; this declaration must be preceded by public consultation 11 .
...... The license to carry out a controlled activity can specify treatment practices, monitoring methods, and
general management practices 12. This system means that DWAF can act pro-actively, instead of
reactively, to stop a problem (such as pollution) before it starts (van den Berg 1998). It also means that
mine management will be aware of the water quality problem from the start - not just when they start
applying for a closure certificate. This will encourage informed decision-making at management level.
The irrigation of land with waste, or water containing industrial waste is one of the controlled activities 13,
and Part· 2 of the October 1999 General Authorisation requires compliance with the following:
1: Registration of user;
2. Quantity of water that may be released per day;
. .
3. Quality of water released: electrical conductivity, pH, Chemical Oxygen Demand, Sodium Adsorption
Ratio and faecal coliforms;
4. Proximity of irrigation to rivers (above the 1:100 year flood-line) and to water resources or boreholes
used for drinking or livestock watering purposes (over 100m) , and not overlying a "major aquifer?":
1 Regulations 7(d) and (e)
2 Regulation 5 .
3 Regulation 7(t)
4 Regulation 7(g)
5 Regulation 7(h)
6 Regulation 8 .
7 Sections 37 and 38
6 Section 21(e)
9 Section 22
10 Section 37
11 Section 38( 1)
12 Section 29(1) d)
13 Section 37( 1)(a)
14 Identified by ONAF on request
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5. Weekly quantity and monthly quality monitoring; and
6. Various other precautionary measures, e.g. prevention of water-logging, discouraging of mosquitoes.
Streamflow Reduction Activities1
The minister can (after consultation with interested and affected parties) declare an activity a Streamflow
Reduction Activity. Such an activity is defined as a water use" and requires a genera: authorisation or a
license under the NWA3. Declaration of an activity as a streamflow reduction activity is made, depending
on local factors such as the extent of streamflow reduction, its duration, and impact on water resources
and users. If this occurs, the person responsible for the activity is required to obtain a water use license or
general authorisation. The license can put certain limits on the activity, management and monitoring
practices to be followed", and a water use charge. Activities in mining that could be classified as
streamflow reduction activities could include afforestation", alluvial mining or the dewatering of an aquifer.
Closure or Temporary Closure .-_ ."
The MWR requires that on the closure of a mine or the suspension of mining operations, a mine must
notify DWAF within 14 cays", and the mine must ensure that all pollution controls required by the MWR
are in place' and that any damage to the riparian environment has been rernedlated"
Environmental Investigations
Under the MWR, the Minister may order an independent investigation on any aspect of, or incidental to, a
mine or mining operations, with the aim of preventing damage to a water resource or the riparian
environment". The Minister must first consult DME and DEAT, but takes the fin-al decision on whether or
not to investigate himself or herself, and then directs the mine to arrange the investigation, i(fCluding
appointinq the person who will do the investigation 10. The Minister may specify the timeframe and
framework of the investigation 11 and must be informed by the mine of the expertise of the person
conducting the investigation 12.
Once the investigation is completed, the Minister may direct the mine to submit and implementation plan
to prevent or rectify pollution 13 and to establish a monitoring system for the implementation measures 14.
1 Section 36
2 Section 21 (d)
3 Section 22
4 Section 29( 1)(f)
5 specified in Section 36( 1) a)
6 Regulation 2(2Xb)
7 Regulation 9(1)
8 Regulation 9(2)
9 Regulation 12
10 Regulation 12( 1)
11 Regulation 12(2)
12 Regulation 12(3)
13 Regulation 12(4)
14 Regulation 12(4)
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Sector-Specific Regulations
In addition to parts of the MWR which apply to all mining operations, sand, alluvial mineral and coal
mining have sector-specific regulations, The extraction of sand and alluvial minerals from rivers and
estuaries is regulated as fOllOWS':
1, Reasonable measures must be taken to ensure watercourse/estuary stability, to prevent erosion and
damage to the riparian environment':
2, Stockpiles and sand dumps within the banks of a river/estuary are limited to the results of two days
production, all other waste/production must be stored at least 100m from the river/estuary and above
thet :50 year flood-line";
3, Water treatment facilities must meet prescribed criteria": and
4, Pollution control measures for oil, grease, fuel and chemicals must be put in place".
CoaL'mining operations are regulated to prevent spontaneous combustion and minimise the infiltration of
water",
Dealing with Pollution and Emergencies
Causing of Pollution'
The NWA introduces the "polluter pays" concept explicitly", obliging anyone invol~ed in an area ';'here a
situation causes, has caused, or is likely to cause, water pollution is required to take certain measures,
These measures deal with stopping the pollution and with remediation, If the polluter does not clean up
adequately, water management institutions (DWAF, CMAs) are required to do so, These institutions can
then recover costs of decontamination and remediation from the polluter, the owner of the relevant land,
the current owner of the relevant land, persons in control of or with use of the relevant land, or any person
tnvolvedIn the situation who has acted negligently, This means that in the case 'of a current pollution
crisis, moneys can be recovered from individuals involved in management, as well as the companies,
Thus, for example, if a mine is found responsible for contamination of an aquifer or of a river, moneys
might be recovered from:
1, The mining company or parent mining house,
2, The managing director of the mining company,
. 3, The mine captain,-
4, The environmental co-ordinator,
5, The chief engineer,
, Regulation 10
2 Regulation 10(1}(a}
3 Regulations 10(1}(a)(iii) and (b)
4 Regulation 10(2}(a)
5 Regulation 10(2)(c)
e Regulation 11
7 Section 19
8 Section 19
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6. The chief geologist,
7. Individual environmental, geological and engineering staff involved in waste management,
8. Consultants who advised the mine on its environmental policy,
9. Moneys can also be recovered from those benefiting from the clean up
In the case of historical contamination, successors-in-title can be made to pay. To take the case of the
Wonderfontein Spruit in the Westonaria-Canetonville area, contamination by the Venterspost Mining
Company can be charged to GoldFields Limited, and that by Blyvooruitzicht Gold Mining Company to
Randgold, even though the latter acquisition is fairly recent. However, in cases where the previous owner
still exists (such as Deelkraal, now owned by Anglogold, but previously by GFSA) the previous owner
may take_most of the charges. In many mixed-ownership mining areas, such as the Far West Rand, the
companies involved are already co-operating in monitoring and remediation.
It should be noted that failure to remediate, rather than pollution per se, is the offence.
Reporting of Emergency Incidents
Anyone who has knowledge of an emergency incident must report it to DWAF or to the relevant CMA, or
to the police'. The term "emergency incident" is defined rather loosely as:
"Any incident or accident in which a substance
(a) pollutes or has the potential to pollute a water resource; or
(b) has a detrimental effect or is likely to have a detrimental effect on a water
resource."
However, the preface to Section 20 indicates that the section is aimed at incidents like accidental
spillages. There are many occurrences in mining which apply. This could cause problems of
confidentiality 'for an employee, when a mining company is not willing to infonn DWAF. At the same time,
.. 3a manager who forbids an employee to report such an incident is committing an offence. Despite this, .
the career of an employee who reported an incident against the wishes of his or her management would
be likely to be severely damaged: breach of confidentiality - even when required by law - reduces the-
. ,
trustworthiness of a professional in the eyes of current and potential' employers.
The MWR require mines to report incidents to DWAF "by the fastest possible means:", and to provide
DWAF with statements of:
1. Date and time of the incident:
2. Description of what happened;
3. Source of the substance which is polluting a water resource or may do so;
4. An assessment of the impact or potential impact of the incident on specific water resources and
specific users;
5. Planned remedial action 1; and
1 Section 20
2 Section 20 (1)'
3 Section 154
• Regulation 2(2Xc)
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Once remedial actions have been taken, and within 14 days of the incident, a report on the remedial
actions taken, and actions taken to prevent a recurrence must also be sent to DWAF2.
Civil Liability Of Consultants Under The Act
Civil liability refers to situations where a company could sue a consultant for negligence or damages - not
to criminal offences as discussed earlier. Tills is in addition to situations where a water management
institution might be able to recover rehabilitation costs from a consultant. Areas of potential liability for
consulting geologists, environmental geologists or geohydrologists include:
1. Dam Safety: the NWA imposes a duty of care on professionals involved in dam construction";
2. Control of emergency incidents: negligent handling of an ernerqency".
3. Negligence in drafting an EIA, EMPR or license application: There is potential for liability only if actions
: ~-suggested in an EMPR or EIA (or omitted) lead to unfortunate environmental consequences - but
unlikely;
4. Recovery of rehabilitation costs". A company could try to sue a consultant if it was found liable for
recovery costs, by trying to show negligence in advice on waste or environmental issues - unlikely,
especially as few mines carry out all the recommendations of environmental professionals.
Benefits Of The Act To The Mining Industry
So far, this report has focused on the responsibilities that the mining industry will have under the new act.
However, it is important also to look at the benefits that the industry will derive. There are many:
.. 1. The quality of water mines will obtain (both for industrial and for domestic use) from water
management authorities will be more reliable;
2. The NWA helps ensure the responsible management of water, providing water for future operations;
3. Hogging and wastage of water by organisations and individuals will be reduced, meaning that more
water may be available;
4. Equity in distribution will benefit new - and especially small - mining operations;
5. National water monitOring networks will provide easily-accessible data;
6. The system of management is simple: the responsible authority to apply to for water will be clear, and
the regulations for its use will all be contained in the license or general authorisation;
7. WARMS will provide for much greater transparency in water use;
8. The responsibilities and liabilities of mining and consulting concerns will be clear, not subject to
. conjecture as they are now;
9. The Catchment Management Agencies will provide for real user management of water, as well as
increased participation and consultation. The management of water will be democratised. Although
this may actually often lead to mining companies, which previously had total control over management
f '-~.-
Regulations 2(2)(c)(i) to (v)
2 Regulation 2(2)( d)
3 Section 119
4 Section 20
5 Section 20
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of the water they use, losing some of that control, mines will be guaranteed a say in the management
of water wherever they are operating. This will particularly benefit small mining operations, which do
not have the 'political clout' to influence decision-making at a national level;
10.The Water· Tribunal will resolve disputes in a fair and professional manner, given its independence,
composition and permanency. It is judicial appeal process, not a bureaucratic one, and thus much less
arbitrary. Also, the channels to appeal against government decisions are clear and simple.
2.2.4 PROPOSED NATIONAL WATER FORUM
As yet, there is no formal policy document on this body, but the concept was outlined by Prof. Kader
Asmal, Minister of Water Affairs and Forestry, to the Water Institute of Southern Africa in May 1998. The
forum _will be composed of government, management agencies, business (including mines) and non-
governmental organisations. The aims of the forum will be:
1. To provide a forum for interested parties to express ttieir views, and playa role in management;
2. To set up the catchment management agencies;
3. To share plans and programmes, and exchange ideas;
-4. To build policy;
5. To build confidence in the water sector (Asmal 1998).
2.3 ENVIRONMENTAL LEGlSLATION
2.3.1 ENVIRONME;NT CONSERVATION ACT NO 73 OF 1989 (ECA)
The ECA was, until 1998, the main act governing environmental rnanagement and has been amended by:
Environment Conservation Amendment Act (Act No 98 of 1991)
Environment Conservation Amendment Act (Act No 79 of 1992)
Environment Conservation Second Amendment Act (Act No 115 of 1992)
Environment Conservation Amendment Act (Act No 94 of 1993)
~. Environment Conservation Second Amendment Act (Act No 189 of 1993)
Constitution of the Republic of South Africa (Act No 200 of 1993)
Environment Conservation Amendment Act (Act No 52 of 1994)
Constitution of the Republic of South Africa (Act No 98 of 1996)
National Environmental Management Act (Act No 107 of 1998)
ECA, previously the major mechanism governing environmental regulations, will eventually be phased
- out. It is being replaced by the National Environmental Management Act (Act No 107 of 1998) (NEMA)
-
(see section 2.3.2 of this chapter). Ouf of the remaining provisions of ECA, waste management is the
main area which is relevant to mining operations. However, regulations promulgated under other sections
of ECA will remain in force until such time as substitute regulations are promulgated under NEMA 1. The
1 Section 50(2) of NEMA: Regulations made under sections 21 and 22 of ECA will only be repealed when regulations
are made under section 24 of NEMA, and "the Minister is satisfied that the regulations and notices under sections
21 and 22 [of ECA] have become redundanf'.
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aim is to gradually replace all of the regulations made under ECA, widely regarded as poorly coordinated
with respect to other legislation (e.g. Winstanley 1998), with new, sector-specific regulations under
NEMA. Only once this has been done will the regulations made under sections 21 and 22 of ECA be
repealed. Although this includes environmental impact assessment', the ECA environmental impact
assessment regulations do not cover the mining industry". Although ECA and the regulations are silent on
this issue, mining has been left out of the ECA regulations because the regulation of mining is handled by
OME, through sector-specific regulations filed under the Minerals Act (Act No 50 of 1991) (see section 2.4
of this chapter). In areas where ECA regulations do actually apply to a mining operation (e.g., building a
road'), it. ~ppears to be general practice for DEAT to ignore this, and leave all regulation to DME. Thus
application of Sections 21 and 22 of ECA to the mining industry is minimal.
Waste Management: Rubbish Dumps
Disposal of waste is governed by the Minister of Water Affairs and Forestry, through a permit system". A
permit is subject to conditions decided upon by DWAF, and regulations issued by DEA T or DWAF5. In the
mining industry, these provisions apply to disposal of general and industrial waste, but not mine waste.
The dlsposal of mine waste (waste rock,' slimes) is governed by water and minerals legislation 1. So a
mine will only need a permit under ECA from DWAF for rubbish dumps.
"'.3.2· NATIONAL ENVIRONMENTAL MANAGEMENT ACT (No. 107 OF 1998) (NEMA)
NEMA is the new supreme act for environmental management. However, as has been discussed above,
much of environmental management remains, for the time being, regulated through ECA _regulations.
NEMA affects the mining industry in four main ways:
1. Obliging the application of national environmental principles in decision-making processes that affect
)he environment, in the same way as the NWA's Purpose of Act;
2. The cooperative governance of environmental affairs, and consequent changes to DME regulations;
3. Provisions governing integrated environmental manaqement and environmental impact assessment;
and
4. Provisions dealing with pollution and emergency incidents
Principles and General Concepts
Principles and Foundations
NEMA defines "environment" as
,"the surroundings within which humans exist and that are made up of:-
(i) the land, water and atmosphere of the earth;
1 Part V of ECA and Chapter 5 of NEMA
2 Notice R 1182 of 5 September 1997
3 Regulations 1c) and d)
4 Section 20
5 Section 24
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(ii) micro-organisms, plant and animal life;
(iii) any part or combination of (i) and (ii) and the interrelationships between and among
them; and
(iv) the physical, chemical, aesthetic and cultural properties and conditions of the
foregoing that influence human health and well-beinq'"
One of the princlples of the national environmental management policy is ." .........+ ,.........1Iidl vii water resource
management:
"To ensure that the quantity, quality and reliability of water required to maintain
ecological functions is reserved, so that human use of water does not individually or
cumulatively compromise the long term sustainability of aquatic ecosystems."
(DEAT 1998: Section 4, Goal 2)
This is a similar principle to that which is behind the concept of the Reserve in the NWA. It means that.
short-term economic interests will not necessarily over-ride long-term ecological considerations, with the
implication that environmental concerns may be placed before mining.
Like the NWA, NEMA starts with a series of principles to guide implementation and interpretation of the
ace. The principles are:
1. In environmental management, the interests of people; and the equitable serving of those interests,
must be at the forefront of concern;
2. Sustainable development - development must minimise disturbing ecosystems or cultural heritage
sites, pollution, and damage to renewable resources; and development must be cautious;
3. Integrated environmental management, policy and conflict resolution;
4. Environmental justice - environmental impacts should not unfairly discriminate against anyone;
5. Equitable access to resources;
6. Responsibility for the affects of any activity exists throughout the 'life-cycle' of the Activity;
7. Consultation and participation;
e. Environmental education and awareness;
9. The environmental, economic and social impacts of activities must be thoroughly assessed;
10. No-one should be required to do something which damages the environment of human health;
_ 11.. Transparency, availability of data;
12. Global and international responsibilities must be met; and
13. The environment is held in public trust for everyone.
Under procedures set up under minerals legislation, the mining industry is already required to comply with
.several of these principles.
The right to refuse to do something which damages the environment of human health" was first
introduced in the White Paper, and is a dramatically new concept. Thus if a mine is discharging waste into
a water body in a damaging way, workers could refuse to do that work. However, the legitimacy of a
1 Licenses or general authorisations for mine residue dumps are required under NVVA, as discussed above
2 Section 1(1 )(xi)
3 Section 2
~Section 2(4)(j)
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refusal is not clear, since if a company has a permit to discharge waste, then it may do so. The Chamber
of Mines position (1998a) is that if this is the case, then the workers may not refuse to work. However, in
transition periods, and under exemptions rather than permits, or under ambiguous legal situations, the
situation becomes more cloudy, as individuals may feel the process of government approval is not
complete, so perhaps they should not perform work they consider to be environmentally unethical.
Environmental justice 1 is very important in operations where nearby communities are badly affected by
mining. Often, this will be communities downstream of the mine. A claim that has been made against the
South African mining industry is that environmental issues are only addressed within the boundaries of
the operations themselves - affects on the nearby communities is not looked at (Machipisa 1998). The
new act will ensure that such concerns are attended to.
Access to Information
The aim of the point on transparency is that all environmental information will become .public domain, not
just as "raw data", but also interpreted for the benefit of non-specialists. The definition of "commercially
confidential information" in NEMA3 specifically precludes emission levels and waste products from being
confidential. Access to environmental information held by the state is guaranteed4. The state is given
access to private environmental information, but may restrict public access to this". Whistleblowers are
protected from liability, disciplinary action or harassment if they disclose information to an appropriate
organ or.state in good faith reasonably believing that it contains information on environmental risk".
Information may also be released to the media if the whistleblower believes this may avert an immediate
and serious threat to the environment, to ensure a proper investigation of such a serious threat or to
protect himself/herself from serious reprisals".
Utigation and Conflict Resolution
NEMA extends the right to bring a case to court. Conventional private prosecution is limited to persons
who have a "substantial and peculiar interest.'. arisinq out of some injury which he individual suftered.:"
NEMA allows for private prosecution in the public interest or in the interest of the protection of the
environment" (Milton 1999).
..
Before- such time as a legal. appeal of challenge is made in a conflict, the Minister, or an MEC, or a
Municipal Council may either intervene or may appoint a conciliator'", Anyone concerned may request for
1 Section 2(4)(c)
2 Section 2(4)(k)
3 -Section 1(1 )
~Section 31(1)
5 Section 31(2)
6 Section 31(4)-{8)
7 Section 31(5)(b)
8 Section 7(1) of the Criminal Procedure Act (Act No 51 of 1977)
~Section 33( 1)
10 Section 17( 1)
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the appointment of a conciliator to be facilitated by an independent person 1. The conciliator investigates
the situation, and then attempts to mediate and make recommendations. The conciliator then reports in
writing to the Director-General, DEAT; such a report shall be available to the public for lnspectlon"
Cooperative Governance
A key aspect of the NWA is co-operative governance of environmental regulation. See Figure 2.2. This is
done main:: thrcuqn ~ ..structu r:ed ,,"n"orr"' ..;,..n,,3 of ~Iant""\jngproce~s""'''''' ;-. ""if.f~re~' de ................~~ ...', ....h; ....hVI'" I 1(111111 "'!lVU II U U '--'..UI\.... VV'V01.JCHIUII t fJl 111111· I -» C..:J III UIlIC, III fJOlllllC;;lll.::J YYIII\JII
interact with each other. Every province and several government departments must draw up an
Environmental Implementation Plans (EIP), and DEAT, DWAF, DME, DH and the Departments of Land
Affairs and Labour must draw up an Environmental Management Plan (EMPL)4. The EIPs will describe
the Activities of the province/department that will have an effect on the environment, how these effects
will be handled and how the department/province will implement the principles of NEMA. The EMPL will
describe the functions that each department carries out in respect to the environment, their environmental
norms, standards and regulations, cooperation arrangements with other departments and the extent of
compliance. The result of drawing up these plans is that each of-the departments cited, and all provinces,
will have an, environmental policy. These plans are then submitted to the Committee for Environmental
Coordination (CEC).
The CEC5 is an inter-departmental committee, comprising the directors-general of DEAT (in the chair),
DWAF, DME, DH, Land Affairs, Constitutional Development, Agriculture, Labour, Housing and Arts,
Culture, Science and Technology, along with various other officers. The CEC studies EIPs and EMPLs
and makes recommendations to the Minister of Environmental Affairs and Tourism who will approve the
plans, or refer them back to the department or province for amendment. The CEC will generally
coordinate environmental policy and regulations, ensuring that all regulations are standardised and
simple, and that no duplication of requirements occur, as well as ensuring that individual departmental or .
provincial regulations are acceptably strict within- national environmental policy. The result should be that
a mining operation (or other concern) will know what it needs to comply with, and who it should report to.
This is an enormous improvement on the current situation. Although the bureaucratic effort involved is
substantial (see Figure 2.2) the amount of bureaucracy with which any project management must deal is
minimal. A major concern,' however, is the time and effort that must still go into developing
ilJt~rdepartmental jurisdiction agreements, protocols and so on, and the resources needed for this
(Lawrence 1999).
In this way the CEC will co-ordinate all environmental regulations and policies, and act as the lead agent.
This removes the confusion of various departments identifying themselves as the lead agent, such as
DME's Green Paper on Minerals and Mining Policy (DME 1997) which identifies DME as the lead agent in
1 Section 17(2)
2 Section 18
3 "structured conversation" is a term coined by the Department of Education to describe the interaction between
institutional plans and national planning:' in environmental management it can be used to describe the relationship
between sectoral plans anq planning at DEAT.
~Sections 11 to 16
5 Sections 8 to 10
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environmental approval for the mining industry. The DME's White Paper (DME 1998) correctly identifies
DEAT as the lead agent.
The CEC is also working on the coordination and monitoring of the implementation of the United Nations'
Agenda 21 in South Africa (Rabie 1999: 12%0.
integrated Environmental Management and Environmental impact Assessment
NEMA sets out a number of provisions for integrated environmental management'. General objectives:
1. Integrated environmental management principles require that environmental management concerns
are considered in any decision-making process in a project, making environmental management part
of "mainstream" management, and not an add-on;
2. Detailed environmental, socio-economic and cultural impact assessment, and the considering of
options for mitigation and alternatives to activities likely to have a negative impact of some kind;
3. Consultation and public participation; and _.
4. Developing and employing sector-specific environmental management techniques".
All activities (policies, programmes, plans and projects) that are likely to affect the environment will need
an environmental impact assessment'. Specifically which activities these are will be defined later by
regulations. Regulations can be made governing environmental impact investigations, assumptions made
in such investigations, monitoring, mitigation, conflict resolution, independent review and public
partlcipation". Environmental impact assessments will include at least:
1. Site investigation;
2. Alternatives to the proposed activity;
3. Assessment of the impact of the activity and alternatives, including cumulative affects, on the
environment, socio-economic conditions and cultural heritage;
4. Mitigation measures;
5. Public information and participation, independent review and conflict resolution;
6. Reports on gaps in knowledge;
7. Monitoring procedures, and procedures to assess the effectiveness thereof; and
8. Coordination and cooperation with appropriate organs of state."
.:~ the mining-industry these regulations are currently made by DME (not DEAT), but the CEC will ensure
that only one set of regulations apply to each industry, and the reporting' process will be simplified. See
"Cooperatlve Governance" above for a discussion of how regulations from different departments will be
integrated. The goal will be for mining to be regulated under sector-specific regulations, developed
through the "structured conversation" planning process discussed above. Thus mining will continue to
have its own sectoral regulations for environmental impact assessment, but these regulations will have to
1 Chapter 5
2 Section 23
3 section 24 (1)
• Section 24 (7)
5 Section 24 (7)
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comply broadly with the provisions of NEMA discussed above 1. Until the new regulations are issued,
controlled activities are governed by Section 20 of ECA (see section 2.4.1 of this chapter, above).
Environmental Management Co-operation Agreements can be made between national (DEA T) or
provincial or local authorities and individuals, communities or corporations, for the purpose of
environmental' rnanaqernent'. Areas where mines are engaged in large scale environmental activities,
such as the dewatering of aquifers on the Far West Rand and the East Rand, are possible candidates for
such agreements. The agreements will specify reporting methods, independent auditing and monitoring,
targets, norms, standards and the consequences of breach. Drawing up an agreement must have public
participation, and the agreement must be approved by all organs of state involved in jurisdiction on the
activities in question.
Dealing with Pollution and Emergency Incidents
NEMA, like NWA, puts a duty of care on the owners, controllers and users of activities affecting the
., tlvironmene. All persons involved in a pollution event are required to mitigate the effects of the process,
contain any pollution, and remedy any degradation - a similar form of the "polluter pays" principle to that
contained in NWA4, and based on an explicit statement in the act's Principies'. Areas that will require
elaboration, through regulations or in the courts, are what constitutes "significant pollution or
degradation", the necessary condition to activate the duty of care" and "reasonable measures" of
remediation will be (Soltau 1999).
The Director-General: DEA T can give a directive to anyone involved to carry out these duties, If such a
directive is ignored, then the director-general can expropriate the landl or "take reasonable measures to
remedy the situation'", which gives a carte blanche for intervention. Costs can be recovered from those
._responsible or who contributed to the pollution, the owner of the land (or successor il+-title), those
controlling the land, anyone who behaved negligently in the situation and/or those who benefited from the
rehabilitation''. As in the case of the NWA, in a case involving a mine, moneys might be recovered from
and , some or all of:
1. the mining company or parent mining house,
2. the managing director of the mining company,
3. the mine captain,
- -
4. the environmental co-ordinator,
5. the chief engineer,
6. the chief geologist,
7. individual environmental, geological and engineering staff involved in waste management,
1 Section 24(7)
2 Section 35
3 Section 28
4'~"';~ -; _. -
Section 19 of ~A
5 Section 2( 1)(e)
6 From Section 28(1)
7 Section 28(6)
8 Section 28(7)
II Section 28(8) and (9)
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8. consultants who advised the mine on its environmental policy,
9. moneys can also be recovered from those benefiting from the clean up.
NEMA, like NWA, puts an obligation on anyone involved (such as owners, controllers, employees,
employers) in an emergency incidenf (defined in terms of an "unexpected sudden occurrence")'. An
example could be the leakage of cyanide-contaminated water from a slimes dam. Such persons should
report the incident to DEA T, the police and local authorities, providing them with statements of:
1. What happened;
2. What the risks and toxicities are; and
3. What containment and remediation steps have been taken .
. .~- They must also must remediate the damage, or else the local, provincial or national government may do
so and recover costs from the polluter. The authorities (DEAT, provincial or local authorities) must
prepare a report on the incident, which will be a public document.
There is some confusion here, as both DWAF and DEA T seem to identify themselves as lead agents in
dealing with pollution and emergency incidents. Applying this to reporting is not very problematic; as the
requirements are similar, and a mine can send a copy of its report to both departments. However, the
problem comes in when assessment of the incident is done ar.d intervention is contemplated. It is a waste
of state resources for both DWAF and DEAT (and even local government) to work through incident
reports and decide whether to intervene or not. The responsibility should be made clearer. The White
Paper on Integrated· Pollution and Waste Management states that regulation of pollution and
management of the receiving environment by media managers: water pollution will be regulated by
DWAF and other forms of pollution by DEA~. This, once implemented, will make things clearer: a mine
,~
should then report a'water pollution incident to DWAF and any other incident to DEAT.
Offences
If someone is convicted under NEMA or any existing environmental legislation they may become liable for
"polluter pays" recovery of costs" or recovery of illegal profits as a fines. Whether or not such liability is
applicable is decided upon by the courtof law sitting in judgement on the case in question. If a violation of
.any existing environmental legislation occurs, employees, management and the directors of the company
may all be liable'. Under the schedule of NEMA, the Minerals Act (Act No 50 of 1991) and the Mine
Health and Safety Act (Act No 29 of 1996) are not listed as existing environmental legislation, and so will
not carry penalties. Therefore, unless the schedule is amended, or other regulations passed, mining
companies and officers will not be liable for recovery of costs, in the event of infringements of mines and
minerals legislation.
, Section 30
2 See section 2.3.3 of this chapter
3 Section 4.2.1
4 Section 34(1) and (2)
5 Section 34(3)
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Summary
The changes brought in by the NWA do not necessarily mean substantial change for the mining industry,
beyond integration and simplification of the environmental permitting process. However, there is potential
for the content of the regulations to change from the current position, through the cooperative governance
process, either tightening up, or relaxing, the controls on mining. Currently, large parts of the
environmental regulations under the Minerals Act are not enforced with any strength - for example, little is
done to check whether or not EMPs are actually followed The new act provides for strict penalties for
fail~re to comply, and liability to both companies, management and workers. What remains to be seen is
how. tightly the new regulations will be enforced, as if they are not tightly enforced, nothing will have
changed.
2.3.3 WHITE PAPER ON INTEGRATED POLLUTION AND WASTE MANAGEMENT FOR SOUTH
AFRICA, MARCH 2000
General Aspects
Integrated pollution and waste management policy, the next stage in South African environmental
management policy has been developed by both DEAT and DWAF. The White Paper defines integrated
pollution and waste management as
"a holistic and integrated system and process of management, aimed at pollution
prevention and minimisation at source, managing the impact of pollution and waste on
the receiving environment and remediating damaged environrnents.:"
The major aims of the White Paper are a paradigm shift towards:
1. An integrated and phased approach dealing firstly with source control (including prevention), secondly
with impact management and lastly with remediation;
2. Pollution prevention (in preference to waste management), including innovation in product design and
production, efficiencies and conservation and sound management of persistent, big-accumulative and
toxic substances, eliniinating their use where necessary':
3. Waste minimisation;
4. Cross-media" integration for each sector", with source-based prevention and management strategies
by sector managers, eg DME;
5. Regulation of pollution and management of the receiving environment by media managers: water
pollution will be regulated by DWAF and other forms of pollution by DEAT';
6. Institutional horizontal and vertical integration of departments;
7. Involvement of all sectors of society in pollution and waste management
1 Section 34(5) to (7)
2 Section 1.1
3 Section 4.1.1
4 Media refers to pollution type, e.g. water pollution
5 Sector refers to industry type, e.g. mining
Stellenbosch University http://scholar.sun.ac.za
46
The National Environmental Advisory Forum will have a sub-committee covering integrated pollution and
waste management, on which representatives of the mining industry and of the unions (amongst others)
will sit. Similar bodies will be established at provincial level"
Permits, Norms and Standards for Waste Disposal
The current system of one permit per type of waste discharge (e.g. gas, water) will be replaced with a
single, site-specific discharge authorisatiorr'. The user entry point (where the user will submit acolication
to) has not yet been agreed upon, but this is under investigation. The authorisations will include, at least:
1. Standards;
2. Details of voluntary agreements as provided for in NEMA;
3. Market-based instruments;
4. Reporting requirements; and
5. Frequency and method of regular review and update".
National minimum ambient quality criteria will be set for the concentration of pollution permissible in a
system, and for the pollution load that may be discharged". Monitoring will be either media-based, or
sector-based. Procedures for enforcing these criteria will be developed. Developing ambient standards
and monitoring of compliance with respect to water pollution will be handled by DWAF6. Information
systems to be developed iriclude the ambient quality monitoring network, and a register of pollution
releases ·and transfers? Data format will be standardised between government departments, and
statistics will be made readily available to the public, as well as being published from time to time
Hopefully.this will be set up so as to work with WARMS .
.~ 2.4 MINES AND MINERALS LEGISLATION
2.4.1 MINERALS ACT NO 50 OF 1991
. ;:..,.-
This is the main act governing mining, and has been amended by:
Minerals Amendment Act No 103 of 1993
General Law Second Amendment Act No 108 of 1993
Mine Health and Safety Act No 29 of 1996
. Although the mining and minerals policy of South Africa is under review (see section 2.4.2 of this
chapter), the aspects of the Act concerned· with environment and water are unlikely to change
1 Section 4.2.1
2 Section 6.4.1
3 Section 6.4.4 .
4 Section 6.3.3
..: Section 6.3.4
Section 6.3.5
7 Section 6.4.9
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substantially. Groundwater is not considered a mineral, and its extraction is thus not regulated by the
DME under this act,' but instead is regulated by DWAF as water use".
Environmental Management Programme and Environmental Impact Assessment
The Environmental Management Programme (EMP) is instituted as a compulsory plan to manage and
rehabilitate the environment during prospecting or mining and prior to closure". The EMP (written out as
an Environmental Management Programme Report, EMPR) must he submitted to the Director: Mineral
Development" for approval, before mining operations may commence. Once the EMP has been
approved, the programme is binding. Rehabilitation, especially of surface land must be done while mining
is going on". The Director: Mineral Development can order the mine to put aside funds for the EMp6 The
Director: Mineral Development may grant exemption to a mine from submitting an EMP or from
immediately submitting it? or grant temporary authorisation to mine, prior to the approval of an EMpB,
. .
although this is rarely done. The Director: Mineral Development is required to consult with all departments
involved in administering environmental laws prior to approving an EMP or granting an exemption"
However, since the requirement is only to "consult", the Director can ignore advice from other
departments, especially since the Director's main role, as a DME functionary, is to promote mining in
South Africa (Ferreira et a/1999).
Submission of the EMPR is not required before the granting of a mining license, only before mining itself
starts lQ, a complication which was one of the causes of a recent legal dispute about mining along the Vaal
River". In that case, the court ruled that the Director: Mineral Development is required to hear interested
and affected parties prior to granting a license, although this is not spelt out in the legislation. This means
th~_tenvironmental impact and management concerns must be considered prior to applying for a license.
Ferreira et at. (1999: 251) point out that most applicants should generally undertake an environmental
impact assessment, prior to applying for a mining license.
The relevant sections of an EMPR with regard to water are 12:
2. Description of pre-mirunq environment: - Only if affected by mining
2.9 Surface Water: The position of all surface water bodies and estimated flood-line for a
1:20, 1:50 and 1:100 year flood should be marked on a plan. Water quantity and quality
for water bodies must be determined, water uses, relevant water authorities and the
presence of wetlands.
1 Section 1·:
2 Section 21 (a) of NINA
3 Section 39 (1)
4 Previously termed the "Regional Director"
5 Section 38(1 )(b) and (c)
6 Regulation 5.16
7 Section 39(2)(a)
8 Section 39(4)
9 Section 39(3)
10 This complication is addressed in the White Paper, see section 2.4.2 of this chapter
11 Director: Development, Gauteng Region and Another v Save the Vaal Environment and Others 1999(2) SA 709
. (SeA). See Kidd (1999) and Ferreira et. al. (1999) for a discussion of the case and its implications
12 See DME's 1999 Aide Memoire for the preparation of Environmental Management Programme Reports for
Prospecting and Mining
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2.10 Groundwater: Depth to water-table, presence of boreholes, water quality and use
and details of the aquifer compartment must be specified.
2.17 Interested and Affected Parties: these could include water users downstream of the
mine - or sharing the same aquifer The parties must be identified, and they can then
make submissions on the EMPR.
3. Motivation of Proposed Project:
3.2 Consideration of Project Alternatives Including alternative sources of water, waste
disposal sites and alternatives to any river diversions.
4. Detailed Description of the Project:
4.1 Surface Infrastructure must be described, including water pollution management
facilities, clean and process water supply systems and storm water diversion facilities. A
water balance diagram must be included, as must details of any watercourse diversions.
4 3 Operational Phase: the main point to note here is detailed description of river
diversions, and a license for this must be sought from DWAF1
5. Environmental Impact Assessment:
5.1-2 The impacts of the construction and operational phases must be determined on
river diversions, ground and surface water quantity and quality and on interested and
affected parties.
5.4 Residual Impact after Closure: Long term issues to note and determine: potential for
acid rock drainage from dumps, long term impacts on groundwater, long term impacts of
'river diversions"
6. Environmental Management Programme:
The principle used in management is BATNEEC: Best (proven) Available Technology Not
Entailing Excessive Cost.
6.1-3 The management schemes determined to deal with the impacts described in
section 5 must be detailed. These management schemes - once approved by DME - are
legally binding on the mine
64 A timetable for all activities is submitted.
6.5 Financial provision for the management schemes must be detailed
7. Conclusion
The overall impact of the project, assuming all closure objectives are met, is described.
An EMPR must be drawn up for:-..•.
1." Prospecting projects;
2. New mining projects; and
3. Operating mines, where only some parts of the EMPR are written, and the current environment is, .
described in section 2, and actual impacts are described in section 5.
In considering a license application or an EMP, the Director: Mineral Development will have to:
1 Sections 21(c) and 22 of NWA
2 The long term production of acid rock drainage has been difficult to predict, but the recent development of software
like ROCKSTAR and ACIOROCK allow long-term (200 years plus) kinetic modelling of acid generation in mining
operations (Boer et al 1998a, 1998b; Pettit 1998)
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1. Apply the National Environmental Management Principles' and the NWA's Purpose of Ad in making
his or her decision;
2. Ensure that appropriate water use and waste disposal permits have been obtained by the mine from
DWAF;
3. Consider if the mining license application complies with the Minerals Ace;
4. Consider if the EMPR is drawn up according to regulations, and reasonable; and
5. Hear interested and affected parties.
Failure to do all five of the above requirements could result in the grant of a license, or approval of an
EMP being set aside by a court. The last requirement. consultation, is essential partly by virtue of the
decision in the Vaal River mining case", and partly by virtue of constitutional guarantees of fair
administrative action". Granting of a mineral license (or refusal to do so) would probably be considered an
administrative action under the Promotion of Administrative Justice Act". If this is the case, then obliging
the Director: Mineral Development to give the public adequate notice of his/her intention to grant a license
and reasonable opportunity to make representations or hold to a public inquiry'. This argument could also
a~y to granting of water licenses.
It has been argued that EMPs are often futile exercises, as they are drawn up to obtain permission to
begin/continue mining, and thereafter ignored (Ferreira et al 1999, Boonzaaier and van der Walt 1997).
Ferreira et al (1999) point out that the underlying problem is a fundamental difference between the
reactive nature of EMPs and the integrated environmental management approach required by NEMA
. The authors suggest that a solution to this may lie in the incorporation of integrated environmental
management principles into the EMP process, and environmental training and awareness proqrarnrnes
for mine personnel.
Some of these concerns may also be addressed by regulations promulgated last year, requiring mines to
carry out performance assessment and monitoring on their EMPs8 This means that reports will be
submitted to the Director: Mineral Development, explaining what has been done under the EMP, and
what the results have been. The Director: Mineral Development may send the report back for more .
. information, or to be redone, or to have an independent team to do the assessment". The Director-
General: DME may appoint an independent team to the assessment, "if there is reason to believe that the
performance of assessment. .. cannot be conducted satisfactorily by the holder of the prospecting permit
or mining authorizaticn't'". A final report must be prepared by the mine, and accepted by the Director:
Mineral Development before a certificate of closure is granted 11.
1 .
Section 2 of NEMA
2 Section 2 of NWA
3 Section 9
4 Director: Development, Gauteng Region ent» Another v Save the Vaal Environment and Others 1999(2) SA 709
(SCA)
5. Sections 33(1) and (2) of the Constitution, Act No 98 of 1996
6 Section 1 of the Promotion of Administrative Justice Act, Act No 3 of 2000 .
7 Section 4(1) to (3) of the Promotion of Administrative Justice Act, Act No 3 of 2000
8 Regulations 5.17 and 5.18
9 Regulations 5.18(b)(ii), (i) and (iii) respectively
10Regulation 5.18.10.1 .
11Regulation 5.18.11
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Specific Regulation of Mining Operations
Use of Surface Land
The use of the surface of the land should be in such a way as to -
".. limit disturbance of the surface, vegetation, environment or water sources to the
minimum which is necessary TO. any prospecting Of mining operations or processing of
. I ,,1any mlnera ...
The term "water sources" is not defined under the Act, but could reasonably be taken to refer to
groundwater and surface water, and probably also to water moving through the mine property as well as
rivejs that have their source on the mine property" Also, the term "environment" must include all surface
.3~d ground.water bodies.
Interfering with environmental and safety protection and rehabilitation measures is prohibited".
If the mine does no! own the surface property rights in the land around the mine, and if that land is
disturbed by mining and the owner complains, the state can acquire the land". Alternatively, the Minister
of Minerals and Energy can direct the mine management to settle compensation with the farmers Failure
to doso ceulo lead to mining being halted or not commence". The disturbance in question could include
pollution of ground or surface waters or subsidence due to dewatering.
Environmental Control Officers
Such an officer", appointed at all underground mines under the reputations" is responsible for
investiqatinq (among other things), the quality and distribution of the mine's water, and recommend__..._.. .
procedures to rernediate problems" Investigation is followed by a· written report (including
recommendations) to the mine manager. Any recommendations made must be carried out 'without delay'
and the actions taken recorded. This means that, technically speaking, the recommendations of an
environmental control officer have the force of law. However, although the environmental control officer
must make recommendations to correct the environmental problem, the officer will often come under '
pressure to make minimal cecommendations. In fact, in some mines, environmental control officers'
recommendations are largely ignored, despite the regulations.
. ---
1 Section 40:(1)
2 Especially since the Minerals Act must, in this context, be interpreted in the light of the NWA
3 Regulation 3.14
4 Section 42 (1)(a)
5 Section 42 (1)(e)
6 Section 41 (4) .
7 Also known on some mines as an "environmental co-ordinator" or "environmental manager"
B Fegulation 2.16.1
9 Regulation 2.16.2
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Closure
The Director: Mineral Development can prohibit the owner of a mine which is soon to close from disposal
of assets, until a certificate of closure is qranted". Issuing of the certificate is done in consultation with
DWAF2
Intervention by the DME
The. Director: Mineral Development can order the mine to safeguard or rehabilitate a dump or other
structure or control pollution in some other wal. The Director can also issue directives concerning
disturbance of the environment, which could include directives on the usage of water bodies by the mine.
Failure to do this can result in the minister arranging for safeguarding or rehabilitation of a dump or other
.structure. Such work would be at the expense of the mine, mine owner or manager, and also prosecution
would also be possible ..The state can assume responsibility for funding and carrying these regulations
out, in certain case, for example, if a mine has gone into liquidation.
The Director-General of DME may order an inquiry into any suspected contraventions of the act or
failu~es to comply with the act, and appoint an investigating officer". The investigating officer can summon
and examine witnesses and request evidences Any person who thinks that they may be charged or
otherwise held responsible in regard to the matter under investigation has the right to be heard, be
represented, call and examine witnesses and see any evidence". This would include managers and other
mine officers. Other persons, such as local environmental groups, who satisfy the investigating officer
that they have a material interest in the matter under investigation have the right to put approved
questions to witnesses?
2.4.2 WHITE PAPER ON A MINING AND MINERALS POLICY FOR SOUTH AFRICA, OCTOBER 1998
The White Paper is in preparation for legislation to replace the Minerals Act (No. 50 of 1991). Chapter 4 of
the white paper is concerned with en.vironmental management The White Paper states that the principles
of integrated management will be implemented", but there is no real indication of what actual regulations.".are likely to be enacted that will differ fron: those currently in place. The Green Paper (1997) required the
consideration of socio-economic factors in preparation of the EMP, which is not always done currently;
this requirement has been dropped in the White Paper
The DME will develop and apply policy and regulations for the environmental regulation of the mining
industry". However, this will be done in the framework of national environmental and water policy, where
, Section 38(2)
2 Regulation 5.12.5
3 Regulation 5.6
4 Section 538
S Sections 53C and 530
6 Section 53C(2)
7 Section 53C(3)
8 Section 4.4(viii)
9 Section 4.4(i)
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DEAT and DWAF are the lead agents respectively. This is a departure from the Green Paper (1997)
which stated that DME would be lead agent. The probable interpretation of this change is an indication
that DME will continue to regulate and monitor the mining industry, but such regulation and monitoring will
be described in DME's Environmental Management Plan (EMPL, as discussed later in this chapter) Thus
the inter-ministerial Committee for Environmental Co-ordination will have to approve the EMPL - and
hence the manner of regulation of the mining industry by DME. This will ensure that regulations for the
mining industry comply with other legislation, and with the National Environmental Management
Principles' and the NW/),,'s Purpose of Acf !t \.'/i!1ensure that the mining industry is not favoured or
unfairly treated, in comparison to other industries. The White Paper also makes a commitment to applying
the principles of integrated environmental management (presumably as developed under NEMA?) to the
mining industry '.
Coordinating Mining Licenses, EMPs and Water Licenses
The consideration of a mining or prospecting licence application will be done at the same time as
considering an EMP. This will prevent the problems and uncertainties that were part of the problem in the
recent Vaal River mining case". The Supreme Court of Appeal in judgement on that cas~ pointed out that
administrative actions, like the granting of a mining license, must give environmental concerns
appropriate recoqnition". This links neatly to the requirement under NEMA 6 for all organs of state taking
actions under legislation concerning protection of the environment to take into account the nation
environmental management principles" Considering the mining license application and EMP will also be
coupled with necessary approvals from other government departments, presumably DEAT and DWAF.
Thus the mine will submit, at the same time:
1. Application for a mining license;
2. EMPRfor consideration; and
3. Applications for appropriate water licenses.
This will allow for streamlined' approval, and possibly for all required documentation .to be submitted to
DME alone. However, given the detailed processes developed by DWAF for water licence applications
(including the WARMS system) it is more likely that prospective operators will have to make submissions
to at least two departments (DME and DWAF). By combining the mining license, EMP and water license
applications into one time, public consultation can be held on the whole mining project, and need only be
done' once, while satisfying the requirements of diverse legislation. This will remove the duplication in
consultation objected to by the Director: Mineral Development, Gauteng, in the Vaal River mining case.
1 Section 2 of NEMA
2 Section 2 of the NWA'
3 Section 4.4{vii)
4 Director: Development, Gauteng Region and Another v Save the Vaal Environment and Others 1999(2) SA 709
. (SeA)
5 See beginning of this chapter
6 Section 2(1)(c) of NEMA
7 Section 2 of NEMA
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The White Paper promises giving the right of appeal to stakeholders 1, which might allow a stakeholder
group to appeal the grant of a mining or prospecting license or a certificate of closure. Access to
information is also promised.
Other Main Policy Developments
The main thrusts of environmental policy under the new mining and. minerals policy are
I. Firmly entrenching the "polluter pays" principle, which is spe!t out as "the mining entrepreneur wi!1 be
responsible for all costs pertaining to the impact of the operation on the environment" similarly to
under NWA and NEMA3
2. Education of miners in general, and small-scale miners in particular, on environmental issues will be
carried out". This is very important in river issues, as small-scale miners cause substantial damage to
rivers and riverine environment by activities associated with alluvial gold mining: the diversion of rivers,
mercury pollution, siltation and lack of sanitation (Chiyanike 1997). However, there are no suggestions
as to how this will be done, whether training authorities will be established or whether there will be any.
special regulations (as opposed to guidelines) of and for small-scale miners. This section has been
watered down from the Green Paper (1997). which provided for the local regulation of small-scale
miners and "allocating fun~s specifically for this purpose";
3. Capacity building for the implementation and monitoring of the policy". This might go as far as an
equivalent body to the Health and Safety Inspectorate, but no details are given;
4. Multiple and sequential land use is recognised, giving precedence to mining "where it is justified'S. It is
unclear whether this will mean any change at all - the phrase quoted above allowing for other land
uses to be largely ignored;
5. Re-cyclinq and re-use of waste will be required'. This could mean new regulations specifying the
proportion of waste material that may be dumped, and that which must be re-used; or perhaps just a
formal recycling policy;
6. Provision' is made for the review of the current system of compensation pay-outs for damage to health
of workers", and if this is extended to cover radiation damage, the potential may be there for the mines
to incur serious liabilities; and
7. Coordination of environmental management research". It is unclear whether research referred to in
this section means that done by DME, or all research. One possible application of this policy could see
a body similar to the Water Research Cornmlssion being established.
1 Section 4.4(v)
2 Section 4.4(iii) . .
3 Oosthuizen (1998) makes a strong argument for defining the "polluter pays" 'principle in mining legislation on the
basis of its use in NWA and NEMA, with some refinements
4 Section 4.4(iv)
5 Section 4.4(ix)
6 Section 4.4(x)
7 Section 4.4(xi)
B Section 3.1.4(iv)
9 Section 4.4(xii)
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All this said, it still remains unclear what actual change in the primary regulations (EIAs and EMPs) is
planned, if any. Comments of the Chamber of Mines (Chamber of Mines 1998b) do not address the
environmental aspects of the white paper and its predecessors.
2.4.3 MINE HEALTH AND SAFETY ACT (NO. 29 OF 1996)
This act has been amended by:
Mine Health and Safety Amendment Act (No 72 of 1997)
The main areas where this act affects water issues in mining is the question of water quality: where
workers may be exposed to dangerous water. There is also the question offlood control underground.
Provisions of the Occupational Health and Safety Act (Act No 85 of 1993) do not apply where any
provision of the Mine Health and Safety Act applies 1, and although the minister of labour can, under the
former act, define regulations governing substances defined as hazardous chemical substances", current
regulations do not apply to exposure to substances hazardous to health in mines:'. Thus the Mine Health
and Safety Act is currently the sole act for all aspects of occupational health in mining.
Responsibility of Management
The person responsible for the management of safety at the mine is required to "assess and respond to
risk". The mine' is then required to take steps to reduce or eliminate the risk, provide protective
equipment", and monitor the health of personnel". Work in areas with hazardous radionuclide leve!s must
be recorded".' There is also the possibility for workers to legally refuse to work in a hazardous area".
-Compliance with the Act is monitored by the Health and Safety Inspectorate. In the event of failure to
comply with the Act, regulations or a directive from the ministry or the inspectorate, an inspector may
make further written 'directives to the mine management or recommend to the Principal Inspector of Mines
that the mine be fined. If there is a contravention and the inspector visiting the mine does not recommend
a fine, the inspect,?r must give written reasons why not". The Principal Inspector of Mines may give a fine,
or may refer the matter to the attorney qeneral'".
One risk in mining is exposure to water with a high level of radionuc!ides. On the Witwatersrand, leachate
of radium. and. uranium from reefs into mine water can occur. Miners are exposed to such water,
especially when using hydraulic drills, or working on semi-flooded levels. A recent study has shown that
exposure to radionuclides in surface mine waters is unlikely (Bain et. al. 1994). However, underground
1 Section 103
2 Section 43 of the Occupational Health and Safety Act (Act No 85 of 1993)
3 Annexure 1.33
4 Section 11
5 Section 11
6 Section 12
7 Section 14
6 Section 23
9 Section 55A
10 Sections 5Se - SSF, Regulation 1
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water in contact with reefs can have concentrations of 226radium as high as 12Bq// (reported from the
West Rand by Funke 1990), and uranium and thorium may well be as high as those of radium. Domestic
usage of water is hazardous to health if 226radium is at levels above 0.42Bq// (DWAF 1996). Thus
although ingestion of water during mining is unlikely, exposure to mine water with high levels of
radionuclides may constitute a health risk. The 1995 Leon Commission found that, on average, the (then)
269 000 people employed underground are exposed in the course of their work to ten times as much
ionising radiation (4.5 milliseivert) as medical staff (attributable to their job: 0.45 milliseivert) and twice the
level entailed in working in the nuclear fuel industry (2.2 milliseivert) These values are average individual
doses (Leon Commission 1995: 4.10 2). In areas where radiation levels are found to be hazardous under
the NWA, the following could apply:
1. Monitoring of radionuclide levels in mine water, especially in the water used for hydraulic drills.
This is done to some extent by some mines;
2. Regular medical examinations of the workforce;
3. Provision of protective equipment in dangerous areas;
4. Ensuring that a supply of uncontaminated drinking water is available, to discourage
consumption of mine water;
5. Closure of highly radioactive sections.
Mines may apply to the Minister of Mineral and Energy Affairs for exemption from all or part of the NWA,
after consultations with the workforce 1. The minister can grant an exemption certificate, which can be
revoked, but which, for example, could allow operations in a dangerous area during a crisis, or even in
more general terms.
Intervention by the DME
The Minister of Mineral and Energy Affairs may prohibit or restrict work or exposure to a substance or
environmental condition in a mine, after consultation with the Mine Health and Safety Council". Thus if
water quality levels in mine water were unacceptable for human exposure, and the mine concerned had
not stopped work in the relevant section, the minister could direct them to do so. The minister may also
declare an environmental condition, or a substance present at a mine to be a health hazard, after
consultation with the Mine Health and Safety Council". The minister can then impose restrictions on the
kind of work to be done, or impose control measures and monitoring.
1 Section 79
2 Section 75
3 Section 76
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THE CONCEPT OF THE RESERVE
I ~eserve FIGURE 2.1
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PART 1: BACKGROUND, LEGAL AND MANAGEMENT FRAMEWORK
CHAPTER 3. MINE WATER MANAGEMENT
3.1 INTRODUCTION
This chapter examines various aspects of mine water management. Firstly, a review of sectoral mine
wafer management problems is presented This followed by an examination of the foundations of
Integrated Catchment Management and the chapter concludes with a discussion of mining and Integrated
Catchment Management under the National Water Act (Act No 36 of 1998).
Table 3.1 Abbreviations used in this chapter
CMA Catchment Management Agency
DEAT Department of Environmental Affairs and Tourism
DWAF Department of Water Affairs and Forestry
ICM Integrated Catchment Management
IDeaMaP Integrated Decision Making Process for planning
NWA National Water Act (Act No 36 of 1998)
3.2 SOME SECTOR-SPECIFIC WATER MANAGEMENT PROBLEMS
This chapter begins by reviewing specific mine water management problems, based upon:
1. Field visits to a number of mines, mainly on the Witwatersrand, in the Northern Cape and in southern
Namibia; and
2. A literature study .
•3.2.1·GOLD MINING ON THE WITWATERSRAND
.~;._"
Groundwater and mine process water from the workings is pumped to the surface in the course of normal
operating procedure. Mine process waters is typically high in suspended and dissolved solids (Funke
1990) and may be a form of acid rock drainage, and heavily contaminated with sulphate and metals.
Water is used extensively underground in mines. It is used for
·1. Dust suppression;
. 2. Stope cleaning;
3. Mine cooling;
4. Fire fighting;
._~.~o.._ ..
5. Sewage removal;
6 In hydraulic equipment (Funke 1990).
Mines also use a lot of water in surface installations, for
1. Ore washing and milling;
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2. Gold leaching and processing;
3. Pyrite flotation;
4. Sulphuric acid production; and
5. Domestic uses (Funke 1990)
All of these waste waters are disposed of into surface water systems, and unless controls on water quality
are strict, contaminate these systems. Mine water can pass into water systems used for agriculture. In a
study in Colorado, alfalfa and barley irrigated from a dam on a river with input of mine water were shown
to have higher concentrations of copper and nickel than such plants irrigated by water from other sources,
although the actual levels recorded were not toxic (King 1995).
Mine fissure water' is used in some areas for irrigation, e.g. the Far West Rand and the East Rand. A
recent study in the former area (Loxton, Venn and Associates 1993) suggested that with correct
precautions, such water should not have an adverse impact on farming. Such precautions include
supplying enough water for leaching of residues from the soil, monitoring of soil salinity, trace element
and boron levels, and that current quality standards be maintained, notably conductivity at around
56m'~m" The mixing of fissure water with process water could cause serious problems, and possible
crop losses. However, it shoutd be noted that under the NWA, the use of waste water or water containing
waste for irrigation is a controlled activity, requiring a license from the DWAF, and thus subject to volume
and quality standards and conditions (see previous chapter).
The corrosion of water piping results in iron going into the mine process water (King 1995). Rusting of
rock bolts contributes iron to groundwater passing by them, and rock bolts have been shown to act as
conduits for water moving between fracture systems and mine workings (Lachmar 1994).
The use of tungsten carbide crushers to break up the ore before treatment is widespread on the
Witwatersrand Such equipment contains cobalt cement, which is a possible source of cobalt
contamination of mine water (O'Brien, pers. comm. 1998), observed in some Far West Rand mine waters
(Love .1997).
Cyanide is a major problem in gold mining, and is usually removed using hydrogen peroxide and chlorine,
or iron (II) sulphate, or bacterial processes (Pulles et a/ 1996).' However, this is not always effective
enough. In a recent disaster, a slimes dam at How Mine, in Matabeleland, Zimbabwe, broke during heavy
rains on 19 February 1998. Slimes and water leaked into a local river, and from there into Mzingwane
Dam, which is a supply dam for Bulawayo, Zimbabwe's second largest city. The Summitville mine,
Colorado, which is a case study in environmentalproblems in gold mining, was responsible for leakage of
cyanide into the Alamosa River system (King 1995)
In areas of the Witwatersrand, notably the Far West Rand, dewatering of dolomitic aquifer compartments
has resulted' in ground subsidence and sinkhole formation, sometimes with catastrophic results.
Sinkholes are good conductors of water from the surface to the aquifer. The widespread practice of using
, That is, natural groundwater that flows into underground mine workings through fissures and fractures
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sinkholes for dumping of solid wastes means that leachate from these wastes can percolate into the
aquifer.
The explosives widely used in Witwatersrand mines also contribute to contamination of the water
(Fleischer 1979), notably by ammonia and nitrate input (Pulles 1992).
The various forms of water contamination from gold minign are discussed in more detail in the
Witwatersrand case study presented in Part III of this thesis
3.2.2 COAL MINING
In-the early 1980s, an estimated 10 million tons of coal waste rock was being dumped annually world-
wide (Schubert and Prodan 1981), and that figure will be much higher by now. Seepage from such
dumps, and from mine workings results in the discharge of large quantities of polluted water. This water is
typically acidic and has high concentrations of metals and sulphates (DWAF 1993). The main sources of
-
contaminated water are seepage from waste dumps, and seepage from underground workings. In many
coal mining areas, subsidence due to mining leads to an increase in groundwater seeping into the mines,
and thus to an increase in contamination (DWAF 1993). Coal mining operations release loose earth and
rock into the aquatic environment, causing dramatic increases in the bed load of rivers draining the area.
In the upper Oliphants River area (Loskop Dam catchment) 6730 tons of sulphate enter the water system
per year, from operating and abandoned coal mines (DWAF 1993). Suspended load travels down the
river systems, and is deposited in dams, damaging the lake bottom ecosystems. Additionally, the dams
silt up, reducing their storage capacity and lifetime.
Pyrite is found in coals, coal taiiings and carbonaceous mudstones and shales associated with the coal
seams. Pyrite breaks down -on contact with water or air, resulting in acid rock drainage. Pyrite in coal
seams is generally measured as sulphur content, which in South African coals ranges from 0 3 % to
2.4%, see Table 3.2.
Table 3.2 Sulphur content of South African coals.
COALFIELD SULPHl::JR' REFERENCE
(Weight %)
Springs-Witbank 0.4-1.4% Smith and Whittaker 1986
-
Highveld 0.9-1.3% Jordaan 1986
Mpumalanga IE Transvaal 05-1.8% Greenshields 1986
Free State 0.3-2.4% Stavrakis 1986
South Rand 0.8% Henderson 1986
Syferfontein 1.0-1.2% Stuart-Williams 1986
N. Kwazulu-Natal .. 0.5-23% Spurr et a/1986; Bell and Spur 1986
Limpopo. 1.1-1.2% Ortlepp 1986
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Although in some areas, acid rock drainage is neutralised by carbonates in the local rock units, this
results in elevated levels of calcium and magnesium sulphates in the water systems (Dallas and Day
1993).
As well as affecting surface water systems, coal mining adversely affects groundwater quality. During
rains, water flows out of waste dumps, and may form pools on the surface From here, percolation into
the unsaturated zone, and into the aquifer, is possible, depending on local geological conditions. During a
study of coal waste dumps in Illinois (Schubert and Prodan 1981) groundwater samples in the vicinity of
the dumps showed elevated levels of acidity, sulphate and dissolved metals, notably iron, aluminium,
manganese, nickel, zinc and cadmium Dewatering of local aquifers, which is necessary for mining,
results in i'l. regional cone of groundwater depression, which causes substantial changes to the
hydrological regime, both locally, and down-flow.r
Coal mining releases large amounts of dust into the atmosphere. Although this is primarily an air pollution
problem, the material often falls into water bodies. Coal dust and fly ash falling on water bodies often
contains transition and heavy metals, and metals such as cadmium, copper, cobalt and zinc have been
shown to be highly.extractable (1 5 to 36.4%) in water (Fernandez-Tureil et a/1994).
As well as dust, gases are released from the spontaneous combustion of coal in dumps The most
important of these is S02, a major component of acid rain, which damages terrestrial and aquatic
ecosystems. When land becomes se acidified that the soil pH drops to 4.2, aluminium ions are leached
out of the soil, and accumulate in water bodies, often at toxic levels to animal and plant life.
3.2.3 BASE METAL MINING
Base metal mines a serious potential for water contamination problems, due to the breakdown of
sulphides and resulting acid rock drainage. In some areas, such as Rosh Pinah, there is very little local
water, so the problems are minimal. However, in other areas, like Sishen, there is a lot of water in the
area (Sishen is presented as the second .case study in Part II of this thesis).
Aggenys Base Metal Deposits
There are four base metal deposits at Aggenys Broken Hill, Black Mountain, Big Syncline and
Gamsberg Of these, only Broken Hill is in production, with development at Black Mountain being limited.
The area is extremely arid, with only ephemeral water courses. Water is obtained from the Orange River,
and used in the mine and in the flotation plant Water used in the mine is lost to the surrounding rock,
where there is little groundwater. Water from the plant is disposed of via settling ponds into the Platjiesvlei
(Potgieter, pers. comm. 1998). As this is an ephemeral water course, contamination is not a concern,
although vegetation immediately around the disposal site may be affected.
Gamsberg Deposit is not being mined, but there is severe natural contamination of the groundwater,
which has been described as highly acidic (Rozendaal, pers. comm. 1998). Water seeps through the
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gossan and the deposit, leading to the breakdown of the massive sulphides, and release of acid and
metals into the groundwater One of the exploration ad its has flooded, and this water is highly
contaminated with acid and metals (W Macdonald, pers. cornrn. 1998).
O'Okiep Copper District
Many of the mines in the district are flooded, and such water is contaminated due to sulphide breakdown
and resultant acid rock drainage and metal release. As more mines close contamination will increase.
Notably among the mines is Carolusberg which closed in 1999, and had substantial groundwater
problems (Van Schalkwyk, pers cornrn. 1997; F Ferenc, pers. comm 1998) .
Wessels Mine, Kalahari Manganese Field
There is very little groundwater in the area, total pumping is in the region of 20-40kL per week (van
Antwerpen, pers. comm. 1998) Sulphide content in the ore is 0 12-0.14 wt%S (Ferreira, pers. cornm.
1998) and this characteristic, coupled with the very low local groundwater levels, suggests that
groundwater contamination is not a real problem in the area. However, it was noted whilst visiting the-mine that there were high levels of ammonia in the air in the western block (from the mixing of
explosives). It is possible (speculative) that ammonia also contaminates the process water, in which case
disposal could have a detrimental effect on the surface environment, notably on vegetation.
Pering Lead-Zinc Mine
The mine is hosted in Campbellrand (lower Transvaal Supergroup) dolomites, which form a regional
aquifer, leading to inflow of water into the mine. Dewatering is nescessary, and is currently done by
pumping in the pit, though use of boreholes will start soon (Terreblanche, pers. cornrn. 1998). The mine
has no water acidity problems, presumably due to the buffering effect of the dolomites.
Rosh Pinah Base Metal Mine (Nambia)
Rosh Pinah uses water from the Orange River, and does not dispose of a large amount of mine water
(Alchin, pers. comm 1997). Fossil groundwater has been intersected at several points in the mine,
causing minor problems, however, nothing is known of its chemistry. Given the geology of the deposit, it
is possible the water could have elevated levels of iron, zinc, calcium and sulphate and a slightly low pH.
Haib Copper Prospect (Namibia)
The proposed heap leach plant at the mine would use massive slimes dams on the plateau (NCJV 1996).
They will drain to the north, and leachate is likely to be soaked up in the arid environment However, a
major flood (e.q. 1 100 year flood) could possibly sweep large amounts of contaminated water into the
Haib River, flowing from there into the Orange River.
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3.2.4 MINING SAND FOR HEAVY MINERALS AND DIAMONDS
In the heavy mineral and diamond mining operations in the sands of the west Coast of the Northern Cape
and southern Namibia, water issues are not a major concern The areas are arid, with little surface or
groundwater Thus contamination of water bodies is not a concern Also, the operations do not involve
chemical beneficiation, so waste water is generally cleaner than in metal mining operations.
Namakwa Sands Heavy Minerals
The operation currently uses freshwater in both of the on-site concentration plants. By the time the mine
comes into full production in 2001, it is envisaged that salt water will be used. This raises the possibility of
soil contamination, although experimentation on-site suggests that the short-term effects on fynbos of salt
water spillage may be minimal (Esterhuyse, pers. comm 1998).
Namaqualand Mines Diamonds (Kleinzee-Koiingnaas)
Seawater is used in the washing and dense medium separation processes. Ferrous silicone is also used,
but largely recovered. The major problem is seepage of seawater from the slimes dams, which is
contaminating ground in the area around the dams. Stabilization of dried-out slimes is also essential, to
prevent winds carrying salt into the surrounding environment, damaging the soil (Mackenzie and
Molyneux 1996)
There is very little groundwater in the Klei+lZee area, and that which there is is saline. (Mackenzie, pers
comm. 1997). However, at Koingnaas there is a coastal aquifer under the dunes at this site, which
supplies Koingnaas town with its water. It is an extremely complex aquifer, with variable water quality, but
it is hosted in diamondiferous gravels. Mining of these gravels is projected to be by dredging, which could
.involve addition of sea water If this plan is carried out, the aquifer quality would deteriorate substantially.
(Mackenzie, pers. comm. 1997)
Orani~mund-Sperrgebiet Diamonds
This area includes both coastal diamonds (marine and fluvial) and fluvial deposits along old channels of
the Orange River.
There is no groundwater or fresh surface water in Diamond Area Number 1, but in seaboard sections,
seawater seeps underneath the dunes to emerge inland, necessitating dewatering (Maritz, pers. comm.
1998). At Auchas Mine, an old river channel of the Orange River is being mined, and fossil groundwater,
contaminated with metals, is continuously seeping into the site (L. Macdonald, pers. comm. 1998)."
Water from these operations is passed into the sea. Seawater is used in the plants, and disposed of into
the sea - the potential for salination inland is low, especially as the plants are ali' in dune areas .
.,-
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3.3 FOUNDATIONS OF INTEGRATED CATCHMENT MANAGEMENT
3.3.1 MANAGEMENT OF WATER
Historically, management of South African water resources has been done in a very fragmented way, with
individual users and water right owners looking after their "patch" of river, and with polluters, such as
mines, worrying only about impact within their immediate environs. There have been few attempts to
integrate moriitorino let alone manag_~ment, of different portions of the same water resource. And yet, no
use or management option in a water system is without implication on other parts of that system This is
why holistic management of water resources is essential The need to adopt a holistic approach has been
clearJor well over a decade (OWAF 1986)
Holistic, integrated management of water resources is one of the major features' of the new National
Water Act (NWA), and referred to in the preamble to the act Integrated catchment management is
defined as
"a water resource management philosophy, strategy and process, which aims at
achieving equitable access to water and sustainable balance between usage and
protection of water resources in a river catchment area as a whole" (Viljoen et a/1998).
Integrated catchment management is a holistic approach to managing water resources. It is based on the
the core concept that:
"The different components of the hydrological cycle are intimately linked to one another,
and each component is affected by changes in every other component Therefore, they
cannot be managed effectively as separate or disconnected units.. Systems respond to
disturbance or utilisation as just that systems, not individual components in isolation from
one another"
(OWAF and WRC 1996: 18, 20)
ICM considers the inter-dependence of:
1.. All water resources (not just the rivers of the catchment);
2. Water usage, meaning does not just consumption, but also disposal of water, and use of
riverbank and littoral environments; .
3. Projections of future needs of water users
4. Ecology;
5. Socio-economic .conditions;
6. Land use development;
7. Land and water as a continuum, which must be managed together;
8. Surface and sub-surface hydrology;
9. -~hemical and biochemical processes taking place in the river and catchment; and
10. Possible changes in land use or climate in the catchment area (Reid et al 1998, Viljoen et al
1998, Wood 1998)
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ICM in South Africa will develop within the context of democratisation and co-operative governance:
proper stakeholder and community participation (see 3.4.1 below), and co-operation between national,
provincial and local government and among government departments. leM fulfils three of the six basic
principles of the RDP
1. It is integrated and sustainable (1)
2 It is people-driven (2)
3. It results in the democratisation of governance (6) (RSA 1994)
ICM under the National Water Policy (DWAF 1995a) will have to integrate:
1. Vertically, outlining the roles and functions of all bodies involved;
2. Horizontally, between the various bodies and government departments;
3 Governing bodies, communities and the private water industry sector;
4. Water planning with other forms of planning and development initiatives; and
5. Geographically, within catchment boundaries (Viljoen et a/1998).
ICM must also take into account the needs of the water resources themselves, by influencing land use
planning to avoid damage to water resources (DWAF 1995a: 20). This can be through development work,
regulations and licensing and through training of authorities, communities and stakeholders (Viljoen et al
1998). It must also take into account all environmental, economic and social issues within the catchment
area (DWAF and WRC 1996).
3.3.2 COMPONENTS OF ICM
ICM requires a number of components:
,,;.--
Firstly, the participation of all stakeholders in the catchment: ICM must be a process engaging the
community and government in a "people-oriented partnership" (DWAF and WRC 1996). This requires
political will and capacity in local authorities ,Wood 1998), and the cooperation of all people and
institutions involved. the plan must be developed by all concerned parties together (Gill and McLaren
. 1998):"The approach of participatory decision-making is far more in keeping with national policy, as set
out in the Reconstruction and Qevelopment Programme
this programme must become a people-driven process. Our people, with their
aspirations and collective determination, are our most important resource ...
Development.. is about involvement and growing empowerment."
(RSA 1994: 8)
Education plays a major part, with stakeholders and "experts" learning more about the diverse needs in
the catchment (Gill and McLaren 1998).
- =-Seccndlv, the approach must be a form of integrated strategic planning: the system must be analysed,
objectives agreed upon, management options determined, and a consensual action plan arrived at
(OWAF and WRC 1996).
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Thirdly, several sources of quantitative data are required, including water quality and quantity, effluent
levels, human and livestock population densities, hydrological data (surface and sub-surface) and climatic
data.
A fourth component is computer modelling Reid et a/ (1998) demonstrate a modular approach to the
Amatole water resources system. The modules used in their model are catchment export, point sources,
river transport and reservoir. After collection of fifteen years of hydrodynamic and water quality data, the
modules were integrated and calibrated and the model was set LIp. The model can be used to
demonstrate the effects of changes in land use, climate or other system factors on water quality locally,
and within the Amatole catchment as a whole.
Fifthly, a user interface is required this must be problem-orientated and user-friendly (Jewitt et a/1998).
Such a participative approach and technological and computer capacity are in themselves inadequate,
without coupling to an active and pro-active management approach .
..
3.3.! IDeaMaP
An approach which combines system dynamics, learning organisational management and participatory
plarming is that of Integrated Decision Making Process for planning (IDeaMaP). It works through the
principle that all stakeholders in a catchment have views and understandings of the problems they
experience, and such views and understandings must be the basis of decision-making. It is thus
participate and "people-driven", rather than "expert-driven" (Gill and McLaren 1998). IDeaMaP works
through the following steps:
1. Systematic::ally exploring the problem: all stakeholders meet and discuss their perceptions of the
various problems of the catchment, and the identification of key leverage points at whic~ change might
be effected These ideas are worked into a graphical design called a "mud map";
2. Developing a more precise understanding: this is done by using systems dynamics modelling
software, such as iThink, to develop the "mud map" so that it can contain "hard data" (quantifiable
data" and "soft data" (perceptions);
3. Quantifying the "mud map": quantitative data is put into the "mud map";
4. Scenario Testing: iThink can IJe used to test scenarios a change' in conditions (such as a drop in the-
gold price) is inputted to the model, and the effect this might have on quantitative data, and on the
perceptions of stakeholders, can then be modelled. This is merely a technological method to put
together the understandinqs stakeholders have of problems in the catchment (Gill and 'Mcl.aren 1998).
3.3.4 INTEGRATED POLLUTION CONTROL AND WASTE MANAGEMENT
A key aspect in leM is the control of pollution and management of waste within the catchment. There are
..
a number of integrated methods for waste management:
1. Blending: water from highly polluted areas can be mixed with that from less-polluted areas, to give a
mixture which has contaminants at acceptable levels;
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2. Cross-catchment exchange of water this is an extension of method 1; and
3. Centralised water or waste treatment.
In a study done on the Vaal Barrage (Cowan and Skivignton 1993), the blending method was considered
the only viable option, since centralised treatment cannot easily be imposed on an existing mining-
industrial complex One major positive impact on the Vaal Barrage in the future will be the blending effect
of high-quality water from the Lesotho Highlands Water Scheme.
A White Paper on Integrated Pollution Control and Waste Management has been published, and
legislation is in preparation (DEAT 2000; see section 3 3 of Chapter 2)
3.4 MINING AND INTEGRATED CATCHMENT MANAGEMENT UNDER THE NATIONAL WATER ACT
(ACT NO 36 OF 1998) (NWA)
3.4.1 CATCHMENT MANAGEMENT AGENCIES
Under the NWA, administration of water resources will be de-centralised into catchment management
agencies (CMAs). The process of ICM will become part of the new administrative framework. The
functions of a CMA fall into three broad categories
Core functions:
1.1
1 2
Strategic planning,
Water allocation and regulation,
1.3 Resource quality protection,
14 Water conservation;
2 Physical development functions
21 Water supply planning and operation,
-2.2 Bulk water development facilitation,
2.3 Water-related problem management,
24 Disaster management, information services;
:3 Administrative functions
3.1 Governance and funding of water management institutions,
3.2 Facilitation and co-ordination with other decision-making bodies and with stakeholders
3 3 Report-back to stakeholders,
34 Communication and training internal, stakeholders, communities,
3.5 Licensing,
3.6 Local policy-making,
3.7 Conflict resolution (Viljoen et a/1998).
Thus most areas of water management will fall under the CMAs, and not central government.
The CMAs will be composed of representatives of local government, DWAF and interested and affected
parties. The Minister leads the process to appoint a CMA Governing Board with the aim of "achieving a
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balance among the interests of water users, potential water users, local and provincial government and
environmental interest groups ,,2 Tile CMAs will work with community, industrial and agricultural
participation in all stages of the process. They will be governed by boards, independent of DWAF, but
cooperating with relevant state organs - this is participatory co-operative governance DWAF will set the
regulatory framework and the CMAs will do the day-to-day management (see Figure 3.1).
The CMA system is an ambitious new development in water management. Large-scale management of
river basins hy community-government fora (like the CMAs) has been initiated elsewhere in the world, for
example the Brazilian "River Basin Committees" (Porto 1998). However, South Africa is the first country
to.place the actual local management and allocation of water in the hands of such fora. The CMA concept
represents a bold new step in democratising governance
CMAs will be established as follows
1. Initiation of catchment management, either by DWAF, or at the request of concerned parties in the
catchment. This will include the establishment of an interim catchment management forum;
2. Assessment of the physical/environmental, legal, administrative and socio-economic characteristics of
the proposed catchment management area;
3. Definition of the catchment management area boundaries;
4. Publication in the Government Gazette of the catchment management area and the CMA;
5. Planning of a catchment management strategy by CMA, and submission of strategy to DWAF;
6. Gazetting of the 'catchment management strategy by DWAF;
7. Implementation and administration of the catchment management strategy, and monitoring of the
catchment management area by the CMA; and
8. Reviewing/auditing of the catchment management process and of the CMA (Viljoen et a/1998).
A major concern in CMA development is the implementation gap: the. lack of capacity to implement new
policies, especially at local level Much training in environmental, water and management issues will be
essential, especially as many of the community stakeholders on the CMAs may have no previous
experience in water management, or in management at all
A second concern is the computer modelling and user interface: enormous amounts of data will be
needed: water quality, quantity, land-use, vegetation, population and so on. Much of this data is not yet
available
3.4.2 THE ROLE OF THE MINING INO'USTRY - BEYOND THE LEGAL MINIMUMS
Beyond the requirements of NWA, mines have a major role to play in developing ICM. This is firstly
·through participation the CMAs and other cooperative schemes.
Secondly, mine management should be pro-active in developing strategies for water conservation within
the ICM context Mine management must have its own internal objectives, within the ICM strategy. These
2 Section 81 (1) of NWA
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will deal primarily with pollution prevention. The fundamental principles are that it is better to prevent
pollution than to treat it, and that is better to reuse effluent than release it (Pulles et a/ 1996). Mine
management can work out strategies to integrate water requirements, treatment, water disposal and
recycling of water. The use of mine water (waste) in irrigation, if properly applied, is an example of ICM
Treatment of mine water with lime or limestone, which is highly successful in countering acidity (e.q.
Mackintosh et a/ 1998; Maree and du Plessis 1993; Maree et a/ 1996) and removing manganese (Van
Tonder and Gunther 1998), has been shown to provide a way for the use of acid rock drainage in
irrigation (Johvanovic At a/19gS). Applications of such methods, which are already practised in areas like
the Far West Rand (Love and Hallbauer 1998), if properly managed would help to integrate water
disposal and water usage
_. ,.
Thirdly, many mining companies have accumulated extensive water quality datasets on parts of rivers
that flow through mining areas. This data could be made available to the CMAs, for the development an
integrated management information system, an essential part of ICM (Viljoen et a/1998; Wood 1998).
Fourthly there is the valuable input that geology can make into land use planning. One of the most
.~- neglected aspects of water management is the possible affect of natural rock units on groundwater and
..~.su~~ce water quality Here there is a major role for geochemists. There are some areas, for example
Pofadder area, where this issue is currently very topical (Stadler 1997). Geochemical modelling of rock-
water and dump-water interactions (e g. Boer et a/ 1998; Pettit 1998) is also an extremely valuable tool
for ICM. In ICM-based planning, waste disposal facilities, like landfills, potential sites across the
catchment can be considered on a broad range of criteria. Geologists can provide essential information
on stability and permeability of the bedrock to the sites, which can be used to rank sites in terms of risk to
surface and groundwaters (Raybould and Anderson 1987).
Fifthly, geohydrologists have a major role to play in ensuring the incorporation of groundwater into ICM.
Groundwater has often been neglected in ICM policy developments, but for lCM to work, all forms of
water must be managed together (Wood 1.998). Geohydrologists have an invaluable contribution to make
in firstly, creating an awareness of groundwater issues at management level, and secondly in terms of
supplying groundwater information and modelling to ICM bodies.
3.4.3 A CASE STUDY OF ICM IN MINING: THE WITBANK COALFIELD
The Witbank area has one of Souih Africa's most difficult water pollution problems; stemming from coal
mining operations in an area with sulphur content frequently over 1.0 wt. %. Many of the Witbank mining
operations ended before even the 1956 Water Ac was passed. The need for pollution control was
realised, and recommendations were made in 1993 (DWAF 1993). The catchment in question is that of
the Loskop Dam on the Olifants River, see Fiqure 3.2.
To integrate pollution controls and water. management in the catchment, a forum was set up, bringing
together all concerned stakeholders, and managed by DWAF. The critical issue was release of
contaminated mine waters from operating and non-operating mines (Steyn 1998). A controlled release
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scheme was set up for each site, based on the evaluation of the assimilative capacity of each water body
in the catchment to receive sulphates (used as the indicator component). Each mine was then allocated a
waste release load, and water quality throughout the catchment was monitored. Release protocols were
updated on a weekly basis (Coleman 1998)
Between mid 1995 and mid 1997, sulphate levels in Loskop Dam were reduced from 320mgl/ to 180mgl/
(Steyn 1998) The mining industry benefited in terms of removal of water from the mines and access
W3YS, reduction of expenses in terms of building water storage facilities, enabling of continua!
rehabilitation, and the provision of large amounts of data (Solomon 1998).
Monitoring and central management of water releases allowed for control over the contaminant load into
each part of the catchment, and into the catchment as a whole. By integrating the management of
contamination in the Loskop Dam catchment, a reduction in sulphate levels at Loskop Dam of almost
44% was achieved in two years.
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PART 2:
SISHEN CASE STUDY
~:
"For every ton of iron ore produced by the mine, nearly
a ton of water has to be pumped out ..."
FJ Kruger, Quality Assurance, Sishen March 1995
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PART II: SISHEN CASE STUDY
CHAPTER 4. INTRODUCTION TO THE CASE STUDY AND THE STUDY AREA
4.1 !NTRODUCT!ON TO THE CASE STUDY
Sisben is the largest iron are mine in South Africa, and the third largest in the world (Kruger 1995). It is also
the 9'icond largest open-cast mine in the world Sishen set a world record in 1981, by blasting 7.2 million
tons of rock in one blast (lSCOR 1993). Sis hen produces 30 million tons of ore per year and has reserves
estimated to last forty years 23 million tons of ore are beneficiated per year, and about a quarter of the ore
is used by ISCOR for steel manufacture, and the remainder is exported by sea, via the rail-link to Saldanha
Bay (Kruger 1995)
lnitia! exploration of the Sishen area, in the 1970s, was by geophysical methods followed by drilling. The
drillirig programme was expanded once the complex structural nature of the area became apparent.
Currently drilling is done in two stages air drilling through the Kalahari Formation to reach bedrock, and
then.diamond drillinqto the ore body. The drilling is followed by geochemical analysis of the core (lSCOR
1993).
The mining operations at 'Sishen do influence the local groundwater chemistry. The aquifers which ancerfie
the Sishen area supply the mine and the towns of Kathu, Sesheng and Dinqleton, and are classified ~s a
sole source aquifer system (Mills and Otten. 1998). Since ·this water is used for domestic uses) for
agriculture and in. industry it is essential to ascertain the extent of contamination ..'
In this case study, geology and geochemistry are used as tools in a mine water management investigation.
The key question in this investigation is to determine what surface and sub-surface features impact on the
groundwater at the mine, and what management interventions can be made to reduce negative impact on
groundwater quality. The investigation is presented in four parts:
1. A review of the geology and economic geology of the Sishen area, as forming the background to the
investigation (the remainder of this chapter);
2. A contamination impact investigation (Chapter 5);
3. Presentation and analysis of groundwater quality data (Chapter 6); and
4. The observed groundwater quality is discussed and interpreted in the light of the contamination impact
investigation, and recommendations for management interventions are made (Chapter 7).
4.2 REGIONAL GEOLOGY
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4.2.1 THE REGIONAL SETTING
The Sishen iron deposits are mainly located in the Transvaal Supergroup (Van Schalkwyk and Beukes
1986). The Transvaal Supergroup outcrops along the northern and western margins of the Kaapvaal
Craton, with the iron-rich Asbestos Hills Sub-Group outcropping in a north-south trending belt from Prieska
to Kururnanand further north (Beukes 1984) See Figure 41
The Maramane Dome, south-west of Kuruman, consists of rocks of the Ghaap Group (upper part of the
Transvaal Supergroup), which dip to the north, east and south, in an arc centred updip upon the Lohathla
area. -The western side of the dome is overlain by the Gamagara and Mapedi units, and west-verging
thrusts in the dome cause much repetition of stratigraphy, especially in the south. Sishen is located in the
northern part of the Maramane Dome, on the boundary between the iron rich Manganore Iron Formation
and the Gamagara Formation See Figures 4.1 and 4.2. The area is largely covered in Kalahari Formation
sands (Van Schalkwyk and Beukes 1986)
A simplified stratigraphic column is given below in Table 4.1.
Table 4_1. Simplified Precambrian stratigraphy of the Sishen deposit, after Beukes and Smit 1987 and SACS 1996_
SUPERGROUP GROUP SUB-GROUP FORMATION
- .., BRULSAND 3 Formations
F.·· ,. VOLOP MATSAP 3 Formations
OUFANTSHOEK Hartley/Boegoeberg
Dam
Lucknow
Mapedi
VOELWATER Hotazel
Mooidraai-
Ongeluk
Makganyene
POSTMASBURG Paling
- GAMAGARA1 Marthaspoort
.. -- Sishen-
TRANSVAAL KOEGAS 5 Formations
Danielskuil
ASBESTOS HILLS Kuruman"
Tsineng
. 1 Beukes and Smit (1987) suggest that the Gamagara and Mapedi units are correlated: the Gamagara unit is
. interpreted as correlated to 1he Mapedi with stratigraphic duplication related to thrusts. They thus assign the
Gamagara to the Olifantshoek Supergroup
2 R.~esented on the Maramane Dome by the Maganore Iron Formation and the Wolharkop Breccia
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GHAAP Gamohaan
CAMPBELLRAND Kogelbeen
6 other Formations
SCHMIDTSDRIF 3 Formations
4.2.2 TRANSVAAL SUPERGROUP: GHAAP GROUP
Campbe/lrand Sub-Group Kogelbeen and Gemoheen Formations
These units are limestones and dolomites, and underlie the Manganore Iron Formation, outcropping east of
Sishen The Gamohaan Formation is typically columnar stromatolitic or laminated stromatolitic limestone
(Van Scalkwyk and Beukes 1~86), whereas the Kogelbeen Formation is largely laminated stromatolitic
dolomite (Beukes 1980) The Campbellrand Sub-Group units represent a shallow-water carbonate platform
sequence (Beukes 1984)
Asbestos Hill (Asbesheuwels).Sub-Group. Kuruman Formation
The Kuruman Formation is represented on the Mararnane Dome by the Maganore Iron Formation and the
Wolharkop Breccia. The Kuruman Formation conformably overlies the Gamohaan Formation limestone in
the Kathu area, east of the mine (Van Schalkwyk and Beukes 1986) and is largely banded iron formation. It
was deposited on an open marine shelf environment during quiescent periods in the volcanic system, with
bioprecipitation of siderite and hematite (Beukes 1984).
Koegas Sub-Group
The Koegas ~nits consist of deltaic deposits of chloritic claystone, siltstone and quartz wacke (Beukes
1984).
4.2.3 TRANSVAAL SUPERGROUP: POSTMASBURG GROUP
Gemeqere Sub-Group
This unit overlies the Manganore Iron formation in the Sishen area. It consists of a red bed sequence of
conglomerates, shales and quartzites, dipping to the west (Van Schalkwyk and Beukes 1986) The
following succession is that identified at Sishen by Van Schalkwyk and Beukes (Op. cit.) modified by SACS
(1996):
1. Sishen Formation
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a) ooornfontein Conglomerate Member is a lenticicular, sub-rounded to rounded iron
formation with upward-fining sedimentary cycles, hematite ore pebbles, and inter-bedded
shales Where the hematite is dominant, the unit is considered to be part of the ore body.
the amount of iron in this member decreases going up the unit
b) Sishen Shale Member is a white aluminous and black carbonaceous shale at the base,
grading up into red and cream banded shale, and capped by the 'ferruginous flagstone
marker' which is a hematite-rich. fine-grained quartzite
c) Tech Shale is a red and cream banded shale, which grades up into
2. Marthaspoort Formation, which is a white and purple, medium- to coarse-grained quartzite.
3. Paling Formation, which is a red and cream banded shale at the base, grading up into a massive
argillite zone. In the zone of gradation between the red and cream banded shale and the massive
argillite, the shale becomes intensely foliated, and then sheared. The argillite is composed of
quartzite fragments in a highly sheared matrix - it is a mylonite, defining a thrust zone.
Makganyene Formation
This unit occurs below the Ongeluk formation in some parts of the Sishen area (lSCOR 1993) although it is
not exposed at the surface (Van Schalkwyk and Beukes 1986). The Makganyene Formation is composed
of arenaceous and argillaceous diamictite and conglomerate, with some greywacke, jaspilite, and limestone
being developed in some areas The deposits are primarily glaciomarine and glaciolacustrine in origin, with
interglacial periods resulting in the development of the limestones and greywackes. Deposition had not
. ceased before the volcanism of the Ongeluk Formation began, and volcanic material was incorporated into
the upper beds of the Makganyene Formation (De Villiers and Visser 1977).
Ongeluk Format/on
This unit outcrops to the west of the mine, and was thrust into its current position over the Gamagara
Formation (Van Schalkwyk and Beukes 1986). It is composed of tholeiitic basaltic andesites (Cornell and
Schutte 1995t subjected to submarine alteration at around 2.2Ga, absorbing potassium and rubidium from
the sea, and releasing manganese and calcium into the sea (Cornell et al 1996) .. The lavas are typically
cryptocrystalline, highly chloritised and massive, with pillows and some breccias recorded (De Villiers and
Visser 1977).
4.2.4 PHANEROZOIC
Karoo Supergroup Dwyka Formation
This diamictite unit underlies IDe Kalahari formation between Sishen mine and Kathu, overlying the
dolomites of the Gamohaan and Kogelbeen Formations (De Villiers and Visser 1977).
Kalahari Formation -
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This unit consists of aeolian sands with minor clays and calcretes, and is 50m thick at Sishen. The Kalahari
Formation is Tertiary-Quaternary in age (lSCOR 1993).
4.3 ECONOMIC GEOLOGY
The ore body is exposed in tile Sishen area (current mine) and also extends to the northwest under the
Gamagara Sub-group and to the west (downdip) under the Ongeiuk Formation (Van Schalkwyk and
Beukes 1986) It is trough-shaped, and strikes generally north-south, dipping about 10° to the west (lSCOR
1993). The ore is best developed in the west, since the eastern part of the body was eroded in pre-Karoo
and pre-Kalahari times (Van Schalkwyk and Beukes 1986). The ore body is divided into north and south
pits (see Figure 4.2) which are connected by a narrow; but thick, zone called 'the Sloop', where ore is
._ .. -
preserved in a graben-like structure (Van Schalkwyk and Beukes 1986) There is a possibility of further,
deep-seated ore in other farms in the Sishen area (Hammerbeck et al 1976).
The ore is found mainly in the Gamagara Sub-group. The ore is iron formation, secondarily enriched by
hematite. Four major types of ore are identified by Van Schalkwyk and Beukes (1986):
1. Laminated Ore is divided into two types
a) Thickly laminated ore, which is alternations of massive hematite with dull and bright
microbanded hematite Trace minerals muscovite, illite, apatite.
b} Thinly laminated ore, which is thin (under 3mm) banded high lustre hematite alternating
with similarly thin dull hematite
2. IVlassive Ore is massive to poorly bedded, iine aggregates of platy hematite with remnants of
chert.
3. Breccia Ore is found as lutite breccia, and as ferythmite breccia.
4. Conglomeritic are is pebbles of hematite ore and partly hematised iron formation, which often
grades up into a gritty hematite are.
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REGIONAL SETIING OF THE SISHEN IRON ORE MINE
FROM BEUKES 1984
FIGURE 4.1
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SISHEN MINE GEOLOGY
FROM VAN SCHALKWYK AND BEUKES 1984
FIGURE 4.2
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PART II: SISHEN CASE STUDY
CHAPTER 5. CONTAMINATION IMPACT INVESTIGATION
5.1 INTRODUCTION
In this chapter, a contamination impact investigation is presented. The aim is to establish potential
contamination sources and examine their possible impacts. The .framework for the investigation makes
use of the Department of Water Affairs and Forestry's 1995 Procedures to Assess Effluent Discharge
Impacts (DWAF 1995b) , with some important modifications
1. This investigation is general, unlike that provided for in the DWAF Procedures, which is designed for
one specific, point source;
2. This investigation is much more limited than that provided for in the DWAF Procedures, which is
designed for permit application processes; and
3.. This investigation is of impact on groundwater, whereas the DWAF Procedures is designed primarily
for impact on surface waters. _.
5.2 AREA AND SCOPE OF INVESTIGATION
The area of investigation is defined initially as a zone of some 10km around the Sishen Mine open pit
However, this area is limited by the availability of sampling points (boreholes), as a result, the 1Okm width
is only applicable to the north and north-east of the pit The zone is smaller to the south-east (3km width),
west (5km width) and south (1km width) See Figure 5.1
The investigation is further lim{ted to groundwater, due to the absence of perennial surface water within
the study area. Water quality constituents of concern are limited to major cations and anions, heavy
metals and bulk diesel content. Detailed examination of minor organic phases has not been done, due to
budgetary constraints.
5.3 WATER USES
There are two sources of water in the study area:
1. Groundwater pumped directly from the aquifer by farmers in the north and north-west of the study
area; and
2. Water pumped out of from the mine's dewatering operations
In the future, it may be necessary to obtain water from boreholes in the area east of Kathu town (Kathu
Compartment), w'here investigation has indicated yields of 55 OOOrr]3/dayover 30 years (Willemink 1983)
Ultimately, 'water may be obtained from the Vaal - Gamagara Pipeline (Sishen EMPR 1998).
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Water pumped by farmers in the north and north-west (Sacha, Kathu and Khai-Appel Compartments) , is
used mainly for agriculture and thus must meet quality criteria for livestock watering and irrigation.
Use of water pumped out of the mine dewatering operations is as shown in Table 5.1 below:
Table 5.1. Use of groundwater from Sishen dewatering operations. From Sishen EMPR 1998.
DESTINA TION USE
_/_.--_--c-=-:-
Dingleton Town Domestic I 4.5%
Kathu Town .- Domestic and industrial 27.0%
Sesheng Town Domestic 35%
Mining Operations Industrial 430%
Farms in area Irrigation and livestock 20.0%
Kalahari pipeline Irrigation and livestock 2.0%
- -
Water from the dewatering operations must thus meet quality criteria for domestic, industrial, livestock
and irrigation purposes. Demand for water is highest in summer, so the mine is over-pumped in summer
and under-pumped in winter to reduce waste. However, winter rain is a problem as it raises water levels
at a low demand time, necessitating disposal into the Gamagara River. This means that water from
dewatering operations should also meet quality criteria for aquatic ecosystems, at least when it is
disposed into the Gamagara River.
" : .--:~~ *
Water from the three mine compartments is expected to supply the mine and towns for the next ten to
fifteen years (Sishen EMPR 1998) Because of this supplying of water to third parties, Sishen mine might
be declared a water service provider in terms of the Water Services Acf (Act No 108 of 1997) 1.
5.4 HYDROLOGICAL CHARACTERISTICS
5.4.1 AQUIFER CHARACTERISTICS
Groundwater is held by the Kalahari sediments as a primary aquifer, and by the Campbellrand breccias
and dolomites as -a secondary aquifer These two aquifers are separated by the Dwyka shales and tillites.
The Kalahari sediments hold 'water in the upper and lower gravels. The base of these two perched
aquifers are separated from each other by a layer of red clay (Sishen EMPR 1998).
The dolomitic aquifer is the major one, having the greatest storativity in the area, primarily in the
brecciated chert zone, near the dolomite's upper contact, as well as in sinkholes and underground
caverns. There is some localised water in zones in the fractured banded iron formation and Gamagara
strata, overlying the brecciated chert (Dziembowski et a/ 1978). The main aquifer is divided into six
compartments by semi-permeable diabase dykes which cut through the dolomite and by a valley. of
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Dwyka tillite, which, by cutting through the dolomites, forms a water barrier between the Kathu, Khai-
Appel and Sacha Compartments and those of the pit area the Southern", Northern and Western
Compartments (see Figure 51). The greatest quantity of water appears to be in the east of the Southern
Compartment (Botha et a/1994) Hydraulic parameters for the aquifers are given in Table 5.2 below.
Table 5.2. Hydraulic parameters for the aquifers in the southern compartment.
AQUIFER I TRANSMISSIVITY STORAGE STORAGe I INFLOW
I
• :J I
in mild COEFFICIENT' mm in m:;/d
KALAHARI 614 0.0073
DOLOMITIC 350 0.0039
-
TOTAL 106000000 16000
r-' Lfrom Sishen cMPR 1998 from Dziernbowski et a/1979
Groundwater flows generally to the north-west (Botha et al 1994), until it is blocked by the impermeable
Ongeluk lavas to the west (Sishen EMPR 1998). This natural trend in groundwater flow has been
significantly modified by the dewatering operations, see Figure 5.2.
The groundwater rest level is very shallow, often less than 5m below the pit floor (Sishen EMPR 1998).
5.4.2 MANAGEMENT ASPECTS
Groundwater proble_ms were first encountered at the H2 (Hili Two) area in the south mine in 1967 (see
Figure 5.3), necessitating pumping to dewater the mine (Dziembowski et a/1979). By now, for every ton
of ore produced at Sishen, slightly less than a ton of water must be pumped out (Kruger 1995). Since
.197.8,the target has been to lower the groundwater level to 12.5m below the lowest working level (Sishen
E:MPR 1998), a measure which has been successful since 1980 (Bisett et a/1982). This has resulted in a
substantial depression forming around the mine (see Figures 5.1 and 5.2).
The average annual volume of water extracted is 14 4 t4 949 m3 (Sishen E~"lPR 1998). Pumping figures
are as shown in the table below
Table 5.3. Pumping volumes for March 1998, Sishen dewatering boreholes. From Sishen EMPR 1998.
COMPARTMENT VOLUME NUMBER OF
PUMPED 1 m3 BOREHOLES
SOUTHERN 723870 8
NORTHERN 233300 4
- .: ..
WESTERN 37660 1
1 Sections 1(xii) and 24
2 In early literature (e.g. Dziembowski et al 1979), the Southern Compartment is referred to as the Sishen
Compartment.
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KATHU 293894 13
KHAI-APPEL 72 220 2
TOTAL 1 360944 28
Because of the barrier of the Owyka Valley, dewatering in the Sishen area does not substantially affect
groundwater levels further east, at Kathu. However, pumping in the southern compartment influences
water levels in the northern and western compartments.
There is no perennial surface water in the study area, and so no streamflow data is presented.
5.5 EFFECTS OF NATURAL FEATURES
_ 5.5.1 TOPOGRAPHY
The study area is almost uniformly flat, with the only topography being the result of mine dumps.
5.5 ..2 CLIMATE
Recharge in the Sishen area has been modelled by Maaren (1980) at between 8.3% and 32% of mean
annual rainfall i.e. 33 to 127mm in 1980, although an earlier estimate of recharge was 2.5% to 2.9%-(i.e.
around 10mm) (Smit 1978).
5.5.3 GEOLOGY: NATURAL ROCK UNITS
The geology of the area has been discussed in detail in the preceding chapter. There is only one single
outcrop in the study area, thus the effect of erosion on water quality is minimal. However, substantial
amount of rock are exposed in the open pit The main rock units exposed in the pit are those of the
Postmasburg and Ghaap Groups See Table 5.4.
Table 5.4. Mineralogy and Petrology of units in the Postmasburg and Ghaap Groups and possible contaminants
UNIT MINERALOGY/PETROLOGY POSSIBLE
(taken from Chapter 4) CONTAMINANTS._
SISHEN FORMATION Shale, haematite pebbles, chert Fe~ , AI" , K , Na , CaL,
Ooornfontein Conglomerate pebbles silica
Member
SISHEN FORMATION Sishen Aluminous/carbonaceous shale, Fe""', AF, silica
-Shale Member ferruginous quartzite
'SISHEN FORMATION Tech Red and cream banded shale Fe~ , Mn' , AI~ , K , Na ,
Shale Member quartz, diaspore, haematite, micas Ca2+, silica,.
Stellenbosch University http://scholar.sun.ac.za
85
MARTHASPOORT FORMATION White and purple quartzite silica
PALING FORMATION Red and cream banded shale: FE? , AP , MnL , MgZ ,
quartz, diaspore, haematite, micas; K+ N + C 2+ ili, a, a ,sllca
massive argillite
MAKGANYENE FORMATION Arenaceous and argillaceous silica,
diamictite and conglomerate, minor
limestone limited Ca
2
+, CO/- HC03-
I
ONGELUK FORMATION Tholeiitic basaltic andesite FE? , MgLT,AI~T,KT
KOEGAS SUB-GROUP Chloritic claystone, siltstone, quartz Fe~ , AP, MgLT, K , Na ,
wacke Ca2+, Mn2+, silica
ASBESTOS HILLS SUB-GROUP Banded iron formation Fe" , Mn
L
, SnL , MgZ ,
'- - . K+, Na+, Ca
2+, silica
CAMPBELLRANO SUB-GROUP Limestones. dolomites, chert CaLT,CO/-, HC03-,
- silica
Horstmann and Hallbich (1995) suggest that iron formation exposed in open pits throughout the
Griqualand area are generally altered by loss of alkali elements, calcium and magnesium into the
hydrosphere.
Hie-sulphide content of the ore is minimal, usu~lIy 0.05 wt%S (percentage sulphur by weight) or less,
with the result that the mine has generally no acid rock drainage problem. In some parts of the south
mine, sulphide content rises. to 0 3 wt%S and the ore spontaneously combusts. In such cases acid rock
drainage is a possibility. However, it is to be expected that any small amounts of acid rock drainage will
be neutralised by the calcite-carbonate-bicarbonate system in the·wall-rock and the aquifer, according to
the tollowinq ~~actions
CaC03 + H+ -) Ca2+ + HC03-
CO}- + H+ -) HC03-
..
(reaction with calcite in wall-rock)
(reaction with dissolved carbonate in aquifer)
(discussed in detail in section 1 32 of this thesis)
A major observed problem. in water pumped from the mine is h~fdness, with total alkalinity having been
generally over 300mgll since at least 1984.
5.6 EFFECTS OF ARTIFICIAL NON-POINT SOURCES
5.6.1 EXPLOSIVES
Blasting on the mine is done using ammonium nitrate-based explosives mixed with diesel. The residues
from blasting could contaminate groundwater with ammonia and nitrates.
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5.6.2 DIESEL, OIL AND GREASE
Diesel, oils and greases come from
1, Blasting,
2, Fuel spills; and
3, Washing down of workshops and vehicles such washings containing lubricants and solvents,
The contaminants include the fuel and lubricant oils themselves, traces of hydrocarbons such as
napthalene and phenols, and metals that have become mixed with the lubricant oils during lubrication,
According to an early 1998 Investigation (Chelazzi 1998), the ~rganic contaminants in waste water'
consist of
1, A heavier than water fraction;
2, An intermediate fraction, mixed with dust particles largely iron oxide; and
3, A lighter than water fraction, presumed to be mainly diesel.
Groundwater contaminated with oils or metals will have a deleterious effect on plants when used for
irrigation, and on any trees that obtain their water from contaminated groundwater, Diesel in groundwater,
especially in areas where the groundwater level is close to the surface or the pit floor, constitutes a
potential fire hazard,
5.6.3 AGRICULTURE
The northern and western parts of the study area are farm areas, mainly cattle-herding, There is potential
for some nitrate and phosphorous contamination from livestock excrement.
5.6.4 URBAN AREAS
The study area contains three essentially non-industrial urban areas: Dingleton, Kathu and Sesheng,
Wright (1999) suggests three major contaminant groups from non-industrial urban areas:
1, Nutrients nitrogen and phosphorous;
2, Biodegradable organics; and
3, Pathogenic organisms,
Ar)'j._ or all of these may be present in run-off and percolation from the three urban areas, especially
Dingleton and Sesheng, where infrastructure is more limited, Wright's work suggests that contamination is
often highest from settlements with limited or no infrastructure, built on unconfined alluvial/sandy aquifers:
•.Sesheng fits these characteristics.
3 ltis not known which waste waters of plant effluents were sampled: Chelazzi refers only to "samples of your waste
water and effluents from your plants" (Chelazzi 1998: 1).
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A further problem is that large scale abstraction of groundwater from lower levels (than a shallow
unconfined alluvial/sandy aquifer) can lead to draw-down of contaminated shallow-level water into the
main aquifer (Wright 1999 38) It is thus possible that contaminated water from the Kalahari aquifer in the
urban areas could be drawn down into the main dolomitic aquifers, as a result of the dewatering
operations However, it should be noted that the study cited by Wright (Tredoux' work on the Cape Flats'
groundwater) dealt with abstraction of water from much closer to the surface (30m) than is the case in the
dewatering operations at Sishen
5.7 POINT SOURCES OF IMPACT ON WATER QUALITY
In this section the key point sources of contamination are examined, and their potential for contamination
discussed This is based partly upon site investigation done during the study and partly upon a literature
study of site investigations done prior to this study. See Figure 5.3 for the location of key contamination
sites in the mine area.
5.7.1 SLIMES DAMS
There are two groups of slimes dams One is east of the Central Workshops, above the Dwyka Valley
and the Southern Compartment The second group are near Dingleton, in the Western Compartment.
They have been accumulating slurry since the mine was opene9. None of the slimes dams are lined.
According to Cbelazzi (1998)4, the slurry is now stratified and semi-solid to solid residues have formed
from the original effluent. This slurry contains iron oxide particles and dust, as well as oils and greases
from mine operations.
5.7.2 MINE WORKSHOPS AND SERVICE AREAS
Central Workshops
The Central Workshops (north mine complex) straddle 'the boundary between the Northern and Southern
Compartments They are the main mine workshops, and small puddles of diesel can often be seen on the
ground According to an investigation by Pretorius and Bekker (1997), effluent released from the
workshops contains oil and trichloro-ethene, a potential carcinogen. Run-off from the workshops probably
a1socarries contamination, but in the absence of a site investigation conducted during a rainy period, the
extent of any such contamination cannot be determined. It should, however, be noted that there are no
run-off containment canals to prevent run-off from entering the area of the workshops, only a canal to
collect run-off from the workshops
Effluent from the workshops travels north through a canal, towards Sesheng Township, and then
discharges in the vicinity of borehole SA432. The canal also carries water from the slimes dams, and
• Chelazzi refers to the slimes dams as "toxic waste collection pond(s)"
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water pumped from underground, diluting the effluent somewhat. The result of this dilution is that the
chemistry of the discharge is similar to that of the boreholes in the northern part of the mine, except that
the oil and grease levels are still substantially elevated (Pretorius and Bekker 1997). Thus it is reasonable
to conclude that there is some contamination of the groundwater from Borehole SA432 and the central
workshops.
In 1993. some 3200001 of diesel were lost during a spillage event at the Moberg Light Vehicle Filling
Station, in the northern part of the workshop area, presumably contaminating groundwater in the area
(Pretorius and Bekker 1997)
Aldag Service Area
Aldag Service Area is located to the south-west of the Central Workshops, on boundary between the
Northern and Southern Compartments. The Service Area consists of above-ground diesel storage tanks,
a semi-buried petrol tank, and a filling station. Washings from the Aldag Service Area flow along a
concrete channel into settling pits, where coarse material is precipitated and later removed to the waste
rock dumps. Liquids pass through a separator, where oils are collected and contaminated water flows into
. an unlined earthen dam. Water in the dam is generally contains 6-1Omgll diesel and oils (Sishen EMPR
1998)
The water rest level is just 1m below the surface at Aldag (Mills and Otten 1998), making the aquifer very
much at risk from any surface spillage or leakage events, as well as from any leakages from the semi-
.buried petrol tank Groundwater in the vicinity of the semi-buried tank was sampled in a 1998 site
. investigation, and shown to be substantially contaminated with 36.24 - 1080.90mgll diesel and 0.21 -
2.4Smg/1 napthalene. However, no benzene, toluene, ethvlbenz ene or xylene were recorded (Mills and
Otten 1998).
Two major spillage incidents have occurred at Aldag: in 1994, the underground diesel pipeline burst, and
600001 of diesel was lost into the surrounding soil - and presumably some percolated into the
groundwater. In February 1998, an unknown amount otdiesel was lost into the environment when one of
the above-ground diesel tanks was overfilled recorded (Mills and Otten 1998).
HIgh Energy Fuel Oepot
There is the potential for contamination by ammonium nitrate from the washing of vehicles, and from fuel
spillage events.
5.7.3 WASTE DISPOSAL SITES
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Both the Municipal and Mikrogolf Waste Disposal Sites are located above the Dwyka Valley, and there is
potential for contamination, but only of tile Kalahari aquifer.
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FIGURE 5.3 IS IN THE POUCH INSIDE THE BACK COVER
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PART II: SISHEN CASE STUDY
CHAPTER 6. QUANTIFICATION OF WATER QUALITY
6.1 INTRODUCTION
In this chapter, the investigation is continued by the presentation and analysis of water quality data. First,
existing groundwater quality data is presented, and then new data obtained during the course of the
study. Finally, the new data is treated to two multivariate analyses.
6.2 EXISTING GROUNDWATER QUAL1TY DATA
6.2.1 DATA
Water quality data from analyses periormed prior to the study are presented in Appendix 2A 1. These
cover samples taken from one borehole each in the Southern, Northern, Western 1 and Kathu
Compartments". Sampling was done at quarterly intervals within the period 1996 - 1998, and some
scattered data from 1984, 1985, 1986, 1991, 1994 and 1995. These data have been filed with the
Department of Water Affairs and Forestry, but have never been systematically examined or interpreted.
The analyses consist of:
1. Twelve "macro-elements" (Na, Mg, Ca, F, CI, N03 and N02, S04, P04, total alkalis, silica, K and NH4),
determined by the Department of Water Affairs and Forestry;
2. Seventeen metals (V, Cr, Co, Ni, Zn, Cu, As, Fe, Se, Mn, Si, Mo, AI, Cd, Sn, Hg, Pb) also determined
by the Department of Water Affairs and Forestry; and
3. Diesel, determined as mgt/ hydrocarbons, determined by the Institute for Groundwater Studies,
University of the Free State.
For the location of boreholes used in sarnplinq, see Figure 6.1. For graphical presentation of the chemical
'.. data, see Figures 6 2 - 611.
6.2.2 COMPARISON TO WATER QUALITY GUIDELINE-S
The levels of total alkalis and total hardness are throughout well over the recommended limit for domestic
use of 150mgl/ CaC03 (DWAF 1996a) by a factor of 100% or more. Water from all compartments is too
saline: exceeding by up to 100% the limit of 40mgl/ for agricultural use (DWAF 1996c, 1996d): this means
that plants watered with groundwater may experience salt toxicity problems.
1 The southern, western and northern compa-rtments are refer~ed to collectively as the mine compartments.
2 There is a single sample taken from a borehole in the Khai-Appel compartment in 1996, however this is insufficient
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Nitrate levels (with the exception of two data reported by Pretorius and Bekker 1997) remain below the
safety limit of 6mg// N (DWAF 1996a). However, nitrate levels in the northern compartment are
approaching the maximum limit, which is a cause for concern since groundwater pumped from the mine
compartments is supplied to Dingleton and Sesheng towns for drinking purposes. Additionally, nitrate
levels in the northern compartment have been, since 1997, over the limit of 5mg// set for agricultural use
(DWAF 1996c, 1996d) However, dilution with water from other compartments may render this harmless.
6.2.3 DIESEL, OIL AND GREASE
In the 1994 - 1996 period, high levels of diesel (ie above the recommended limit of 2.5mg/0 were
reported from
Road system
Close to main road to central workshops: SIM286,"SW433;
On road from central workshops to far north of mine area: SW429 (only slightly high);
North mine building complex:
Diesel workshop, north mine building complex: SW418;
West of core-shed SW432;
Central workshop SW422;
Filling station north of central workshops (Moberg) G26578;
Filling station south of central workshops SW420;
Near north mine slime dams: SW179;
Mine:
- s: • Western compartment SW307P (one event only);
Near main crusher, northern compartment SW334;
Kathu
Golf Course SW300 (slightly high) .
. .In the 1997 - 1998 period, high levels of diesel (ie above the recommended limit of 2.5mg/0 were
reported from
Road system.
On road from central workshops to far north of mine area: SW429;
Close to main road to central workshops SIM389, SW427, SW433;
North mine building complex:
Central workshop SW422;
Filling station north of central workshops (Moberg): SW431;
Filling station south of central workshops SW420;
Western edge of complex: SW423;
data to draw any inferences on the hydrochemistry of that compartment.
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Mine
Western compartment SW307P;
Near main crusher, northern compartment: SW334;
Northern compartment SW412;
Southern compartment SW249;
Near north mine slime dams SW179
Dwyka valley, north-west of mine SW306 (one event only):
Kathu
Golf Course SW300:
Municipal Offices SW454;
East of Kathu SW383, SW386
·6.3 NEW GROUNDWATER QUALITY DATA OBTAINED DURING THIS STUDY
6.3:1 INTRODUCTION
During the course of this study a total of 33 new groundwater samples were taken and analysed. The aim
was to provide data for a better description of the groundwater chemistry than that which was possible on
the -basis of previous data (which is limited to one borehole per compartment). Samples were taken as
indicated in the table below
Table 6.1. Samples taken during the course of the study
COMPARTMENT NO. SAMPLES
Sacha 3
Khai-Appel 4
Western 3
Kathu 5
Northern 7
Southern T
Dwyka Valley 4
TOTAL 33
For tfie location of boreholes used in sampling, see Figure 6.1.
6.3.2 METHODS
Samples. were taken by an improvised apparatus that is routinely used by the Sishen mine teams: a glass
bottle suspended from the end of a measuring tape. This apparatus samples water from just below the
water, table (in the borehole). The samples were placed in glass bottles. No preservative. was used
l)S
because of the choice of analytical method acidification of the samples would have made using capillary
ion analysis impossible.
The samples were analysed by means of capillary ion analysis'' at the Geology Department, University of
Stellenbosch. Capillary ion analysis is an increasingly widely used analytical technique in the earth
sciences. Selectivity is based upon the mobility of ionic species in an electrolyte A fused silica capillary
connects the electrolyte containing the sample to a receiver electrolyte (see Figure 6.12). Sample and
electrolyte are injected into the capillary via either electromigration (the application of a 4kV potentiai to
the electrolyte) or hydrostatic pressure (raising the sample electrolyte vial by 100mm for ten to forty
seconds) Ions then. move through the capillary, with their speed of movement related to their
charge/mass ratio. Detection is by indirect UV absorbance monitoring a drop in electrolyte absorbance
indicates the presence of ions passing the detector See Figure 6.13 for an example of the output from
the detector Hallbauer (1997) gives a more detailed description of the technique.
6.3.2 DATA
Chemical analyses of the samples are presented in Appendix 2A2 For graphical presentation of -the
chemical data, see Figures 6.14 and 6.15.
The samples plotted on the piper plot (Figure 6.14) can be grouped as follows:
1. Clean dolomitic waters: C03
2. + HC03' ::::60oio; Ca2+ + Mg2+ ::::80%
2. Intermediate carbonate waters: 40% < C03
2. + HC03' < 60%; Ca
2+ + Mg2+ ::::80%
3. Calc-sulphate waters: 60% < S042- + CI- < 80%; Ca2+ + Mg2+ ::::80%
4. High calc-sulphate waters SO/ + CI':::: 80%; Ca2+ + Mg2+ ::::80%
5. Intermediate waters: CO/- + HC03- "" S042- + CI-; Na+ + K+ "" Ca
2
+ + Mg2+
6. Alkali waters: Na+ + K+ ::::60%
~~'I-
The distribution of nitrate (Figure 6.15) shows high levels in the south mine area, the north-west and the.
south of the Khai-Appel compartment.
6.3.3 COMPARISON TO WATER QUALITY GUIDELINES
Water in the Sacha, Kathu and Khai-Appel Compartments), is used by farmers mainly for agriculture and
thus should meet quality criteria for livestock watering and irrigation. Water from the dewatering
- . . .
operations (Western, Southern and Northern compartments) should meet quality criteria for domestic,
industrial, livestock and irrigation purposes and for protection of aquatic ecosystems. See table overleaf.
. 3 AI~o referred to as capillary electrophoresis
Table 6.2. Comparison of observed water quality to SA Water Quality Guidelines
(OWAF 1996a, 1996b, 1996c, 1996d and 1996e)
-
COMPARTMENT WATER USE COMMENT*
Western Domestic Ammonia locally too high
Calcium generally too high
Magnesium too high throughout
Industrial Water quality satisfactory
I
Livestock Watering Water quality satisfactory
--_ -----_._---
Irrigation Water quality satisfactory
Aquatic Ecosystems Chloride much too high throughout
Northern Domestic Ammonia locally too high
Calcium locally too high
Magnesium too high throughout
Industrial Water quality satisfactory
Livestock Watering Water quality satisfactory
Irrigation Water quality satisfactory
Aquatic Ecosystems Chloride much too high throughout
Southern Domestic' Ammonia locally too high
Calcium generally too high
Chloride locally too high
Magnesium generally too high
Nitrate generally too high
Industrial Water quality satisfactory
Livestock Watering Water quality satisfactory
Irrigation -. Chloride locally too high
Aquatic Ecosystems Ammonia locally too high
Chloride much too high throughout
Sacha - -.:":- Livestock Watering Water quality satisfactory-
Irrigation Chloride locally too high
Nitrate locally too high
Sodium locally too high
Khai-Appel Livestock Watering Water quality satisfactory
Irrigation Nitrate locally too high
Kathu Livestock Watering Water quality satisfactory
Irrigation Water quality satisfactory
* . " " "Explanation or comments. locally too high means In a minority of samples, generally too high" means In a majority
of samples and "too high throughout" means in all samples.
6.4 MULTIVARIATE ANALYSIS OF GROUNDWATER QUALITY DATA
The objectives of the multivariate analysis of the groundwater quality data .were:
1. To determine correlations between the occurrence of different chemical species in the groundwater;
2. To establish factors of chemical species whose 'abundance and distribution were related statistically;
3. To map the distribution of the factors, so as-to enable the interpretation of their distribution;
4. To use cluster analysis to attempt to define groundwater zones.
97
6.4.1 FACTOR ANALYSIS
See section 1.51 of this thesis for the theory behind factor analysis Factor analysis was performed using
the STATISTICA software. The factor loadings are shown in Table 6.3.
The following factors are indicated:
Factor 1. Ca, Mg, HC03;
Factor 2. K, NH4;
Factor 3 Na, CI, S04
These 3 factors explain 69.9% of the variance in the dataset. 72% of the variance in N03 is residual:
variance not explained by the 3 factors
The factor scores for each case (borehole) are given in Table 6.4, and mapped out in Figures 6.14-16.
The distribution shown is as follows
Factor ~.' Highest in the Sacha and Khai-Appel compartments, lower around Kathu and in the mine area,
hlgher in the Western Compartment than in other mine compartments;
. Factor 2. Highest in the north (Sacha, Khai-Appel, Kathu), lower in the mine compartments, lowest in the- Southern Compartment;
Factor 3. Highest in the Sacha Compartment, Northern Compartment and in the south of the Western
compartment.
6.4.2 CLUSTER ANALYSIS
See section 1.5.3 for the theory behind factor analysis. Cluster analysis was performed on the factor
scores, using the STATISTICA software. See Table 6.5 and Figures 6.17-18 for the clusters. Four
clusters are indicated, and the separation between them is good (see Figure 6.17). However, when
mapped out (Figure 6.18), there is no clear pattern. -
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Table 6.4. Factor Scores from Factor Analysis of Sishen 1999 Groundwater Chemistry Oata
Factor Scores (sis99-g.sta); Rotation: Varimax normalized; Extraction: PrinclQ_alcom_Qo
10 10 X Y Factor 1 Factor 2 Factor 3
1 SW296 49269.88 68699.73 1.632 0.001 -0.829
2 SW303 50664.37 71443.19 0.215 -0.402 -0.756
3 SW377 57087.57 63146.97 -0.696 0.170 0.145
4 GA733 48080.39 72498.23 -0.678 0.170 0.084
5 GA857 47559.77 70551.41 -1.533 -0.531 -0.171
6 SIM389 50911.37 67464.66 -1.266 0.144 -0.292
7 SIM383 50636.72 68013.48 -1.072 -0.505 -0.441,
8 SN2i90 48720.39 77059.08 -0.194 -0.565 -0.338
9 SW432 50550.00 68850.00 0.283 0.339 1.199
10 SW436- 50594.48 74265.21 -0.186 -0.237 -0.574
11 SW465 51479.00 72498.23 1.859 -0.689 -0.908
12 SA391 46800.29 66499.21 0.213 0.001 -0.410
13 SA427 47399.86 64700.05 -1.594 -0.100 0.758
14 SA436 47400.34 64299.74 -1.699 -0.195 0.041
15 SA463A 47400.15 63100.12 0.552 -0.019 4.472
16 GA111 46436.78 72224.42 -1.027 0.239 -0.108
17 GA471 47344.25 69385.30 -1.461 -0.344 -0.074
18 SW285 55546.52 63377.94 1.461 -0.013 -0.401
19 SN5165 49131.98 75639.72 -1.235 -0.215 -0.709
20 SG4 53399.85 65999.48 0.211 0.029 0.153
-- 21 H2 50428.00 73657.00 -0.041 -0.336 -0.549
22 KTH13 55800.00 64200.00 0.358 -0.198 -0.279
23 SW334 50209.41 70607.50 0.366 -0.154 -0.631
24 SW116 51181.84 62229.16 0.082 5.238 -0.083
25 SW179 53463.91 68406.36 0.966 0.264 -0.861
26 SW300 55244.00 63654.00 0.732 0.145 0.089
27 SW306 48162.62 66572.83 0.201 -0.363 0.084
28 SW307P 48649.10 67168.70 0.502 -0.162 -0.326_-
29 SW361 48823.91 75778.18 1.159 -0.865 1.801
- -~ 30 SW192 50631.71 61036.88 0.110 -0.128 0.149
31 SW431 51313_00 68205.00 0.181 -0.583 0.281
32 SW412 49044.90 70692.80 1.597 -0.134 -0.517
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Table 6.5. Results of Cluster Analysis of Factor Scores of Sishen 1999 Groundwater Chemistry Data
10 10 X y Cluster
1 SW296 49269.88 68699.73 1
2 SW303 50664.37 71443.19 2A
3 SW377 57087.57 63146.97 4
4 GA733 48080.39 72498.23 4
5 GA857 47559.77 70551.41 4
6 SIM389 50911.37 67464.66 4
7 SIM383 50636.72 68013.48 4
8 SN2190 48720.39 77059.08 2A
I 9 SVv'432 50550.00 688!:>O.OO ..,oJ
10 SW436 50594.48 74265.21 2A
11 SW465 51479.00 72498.23 1
12 SA391 46800.29 66499.21 2A
13 SA427 47399.86 64700.05 4
14 SA436 47400.34 64299.74 4
15 SA463A 47400.15 63100.12 3
16 GA111 46436.78 72224.42 4
17 GA471 47344.25 69385.30 4
18 SW285 55546.52 63377.94 1
19 SN5165 49131.98 75639.72 4
20 SG4 53399.85 65999.48 28
21 H2 50428.00 73657.00 2A
22 KTH13 55800.00 64200.00 2A
23 SW334 50209.41 70607.50 2A
24 SW116 51181.84 62229.16 3
25 SW179 53463.91 68406.36 1
26 SW300 55244.00 63654.00 28
27 SW306 48162.62 66572.83 28
28 SW307P 48649.10 67168.70 2A
29 SW361 48823.91 75778.18 3
30 SW192 50631.71 61036.88 28
31 SW431 51313.00 68205.00 28
32 SW412 49044.90 70692.80 1
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FIGURE 6.1 IS IN THE POUCH INSIDE THE BACK COVER
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THE CAPILLARY ION ANALYSIS TECHNIQUE
Electrode:
anode used for
cation analysis
FIGURE 5.12
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PIPER PLOT OF GROUNDWATER SAMPLES FROM THE
SISHEN AREA, COLLECTED DURING THE COURSE OF
THE STUDY.
FIGURE 6.14
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PART II: SISHEN CASE STUDY
CHAPTER 7. DISCUSSION AND INTERPRETATION OF WATER QUALITY
7.1 INTRODUCTION
In this chapter, the observed groundwater quality (Chapter 6) is discussed and interpreted in the light of
the contamination impact investigation (Chapter 5).
7.2 TRENDS IN 'MACRO-ELEMENTS', 1984 - 1999
It should be noted that, for this period, only one borehole was sampled per compartment. However,
general trends from each site are indicated, and so these trends will be discussed.
As is typical for dolomitic groundwater, pH levels have remained in the range 7.5 - 8.3 throughout, with
the exception of a single figure of 88, reported from the south compartment in 1994 (see Figure 6.3) .
.... ~...;,..-
The following pattern is shown in levels of electric conductivity (Figure 6.2), total alkalis (Figure 6.4),
sodium (Figure 6 6), magnesium (Figure 6 6), chloride (Figure 6.8) and sulphate (Figure 6.10):
1 The northern and southern compartments have the lowest levels, similar to each other and generally
constant;
2 The western compartment has slightly higher levels than the other two mine compartments;
3. The Kathu compartment maintains the highest levels, peaking in late 1997, until a drop in 1998.
The similar signatures for all these components could be interpreted as the natural groundwater
chemistry: the result of rock - groundwater interactions The similarity in signature between the three
mine compartments suggest that the groundwaters in these three compartments mix, to some extent.
This suggestion is supported by the fact that pumping in the southern compartment influences
groundwater levels in the other two mine compartments.
The constantly higher levels in the Kathu compartment suggest it is part of a separate hydrogeochemical
regime: this is as would be expected, due to the Dwyka valley separating it from the three mine
compartments. It has been suggested (Sishen EMPR 1998) that the higher electroconductivity in the
Kathu compartment is due to lower groundwater levels concentrating salts. The sudden drop in
concentrations in 1998 is puzzling, but it may be due to some external factor, such as the cleaning or
replacement of the pump.
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The calcium concentrations (Figure 67) in all three mine compartments has declined slightly since 1991,
with the northern compartment Ilaving slightly Iligher levels than the southern, and the western
compartment having lower levels than tile other two. The calcium levels in the Kathu compartment show
an increase from 1984 until late 1997, with levels only dropping during 1998 This is a typical Kathu
compartment signature - similar to tile typical Kathu pattern discussed above Oddly, the decline in
calcium levels in the mine compartments does not correlate to any increase or decrease in any other
chemical component; there IS insufficient data to suggest a cause However, it is a trend not shared by
the Kathu compartment, suggesting that some factor in the mine area IS responsible.
With regard to nitrate levels, and with the exception of a single data point from the southern compartment
in 19961, the trend shown in all three mine compartments is a general increase (Figure 69) from 1991
onwards. l1itrate levels appear, on the basis of Figure 6.9 highest in the northern compartment, with the
other three compartments somewhat lower throughout. However, examination of Figure 6.15 shows that
this may be the result of the sampling point used in Figure 6 9: borehole H2, which is to the south of the
highest nitrate concentrations mapped in Figure 6.15. Until 1998, levels in the Kathu compartment were
lowest of all, although levels in Kathu had increased to dose to that of the northern compartment by the
end of 1998 The trends in nitrate levels are easily explained as due to contamination from blasting:
blasting is done with an ammonium nitrate-based explosive, which could contaminate the groundwater
with nitrates. Thus nitrate levels are higher in the mine compartments than at Kathu (where there is no
~Iasting) and increase over the course of the mining operations. The reported 1998 increase in nitrate
levels in the Kathu compartment is on the basis of only one measurement, and may not be significant.
The two highs in nitrate concentration in the Khai-Appel and Sacha compartments probably relate to
agricultural activities in those areas.
Concentrations of dissolved silica (Figure 611) are in the range 12 - 19ppm throughout. This is within the
range for average natural river water (Faure 1992 202). This indicates no noticeable contamination of the
aquifer with respect to silica Levels in the western compartment are consistently highest, followed by the
northern, Kathu and southern compartments, in that order. The northern, southern and Kathu
compartments show a decrease form 1991 to early 1996, and increase thereafter; levels in the western
compartment remain essentially constant. The trends may be related to the fact that there is heavier
blasting (and fTlore frequent wet blasting) in the northern and western compartments, as compared to the
southern compartment.
There were no significant variations observed in the levels of potassium, fluoride, phosphate or ammonia.
The single dataset on 1996 metal concentrations in groundwater from one borehole in the southern is
insufficient for any interpretations
1 The high concentration (11.30ppm) reported from the southern compartment in 1996 is from a different reference
than the rest: the report of Pretorius and Bekker (1997), rather than the normal DWAF analyses. It is possible that the
figure is an error
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7.3 DIESEL, OILS AND GREASE
It can clearly be seen from section 6.2.3 that diesel contamination is more widespread in the 1997 - 1998
period than in that preceding it, suggesting that contamination is increasing Contamination in the mine pit
was restricted to two points in the 1994 - 1996 period one of these being close to potential sources of
contamination the main crusher and to the Aldag Service Area. In the 1997 - 1998, contamination was
recorded from 2!! three compartments ill the pit However. since two of the four boreholes were sampled
only during the 1997 - 1998 period, this may not be significant.
Contamination observed from boreholes near the roads is probably due to spillage events. Contamination
in the north mine building complex area will. have come from spillage and leakage events at the filling
stations and from washing from the central and diesel workshops The reported contamination at
borehole SW179 suggests that contamination from the North Mine slimes dams is a possibility.
Contamination reported in the Kathu area is not easily explainable, since there are indications against any
water mixing between the mine compartments and the Kathu and Khai-Appel compartments (see
discussion of 'macro-elements' above). However, it is possible that one or more fuel storage tanks at the
filling stations in the town may be leaking
7.4 GROUPS IDENTIFIED ON THE PIPER PLOT (BULK WATER CHEMISTRY)
The clean dolomitic waters come from boreholes in the Kathu Compartment and boreholes within the pit
in the mine compartments. The intermediate carbonate waters come from boreholes in the mine
compartments which are close to mine dumps (GA7333, SN2190, SW306 and SW432), and from two
boreholes in the Khai-Appel farming area The calc-sulphate waters come from boreholes in the mine
compartments which are close to mine dumps (SN5165 and SW361), slimes dams (GA111) or the central
workshops (SW431) and one from Sacha farm (SA463A). The high sulphate water comes from a
borehole in the central workshops area (SIM383)
.It is therefore suggested that water in the Kathu and mine compartments is clean dolomitic water, except
wher§. it is contaminated by leachate from mine dumps, slimes dams or from the central workshops. The
mine pit itself does not seem to alter the bulk water chemistry of the groundwater noticeably.
The intermediate waters and alkali waters come from boreholes in the far west of the study area (GA4 71,
GA857, SA427 and SA436) The higher levels of alkali metals when compared to the rest of the study
.' area may relate to proximity to the thrust fault marked in Figure 4.2. Many low-temperature alteration
processes which liberate alkali metals, such as kaolinisation, often take place in fractured zones.
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7.5 MULTIVARIATE ANALYSES
7.5.1 FACTOR ANAL YSIS
Factor 1 (Ca, Mg. HC03) represents the dolomitic water signature, and is highest north of the Dwyka
Valley. and 2.'.''12.y from the mine it is r1t its highest in the Sacha and Khai-Appel Compartments - the
compartments with the least influence from the mine operations
Factor 2 (K, NH4) could be explained as an agricultural signature: from livestock excrement and fertilisers,
explaining its predominance in the northern farming areas
The distribution of Factor 3 (Na, CI, S04) shows three main high areas:
1. Sacha Compartment, conceivably related to proximity to the thrust fault as discussed in the previous
section or possibly to the presence of salt deposits in the Kalahari unit in the Sacha compartment;
2 West of the Central Workshops, probably related to overlying rock dumps; and
3. The south-west of the mining area, probably also related to overlying rock dumps.
The distribution of Factor 3 shows highs under all rock dumps in the mining area.
All three factors show noticeably different distribution patterns in the compartments south of the Dwyka
vaney (the mine compartments) and those north of it. This supports the argument that these two groups
of compartments are separate geohydrological systems, with no mixing of water.
7.5.2 CLUSTER ANALYSIS
The clusters do not clearly divide the aquifer into any kind of groundwater zones, and no interpretation is
suggested.
7.6 CONCLUSIONS
1. All compartments show a typical dolomitic water signature, with excessive hardness.
2. Factor analysis identifies three main signatures in the groundwater: (i) a clean dolomite signature, (ii)
an agricultural signature and (iii) a Signature due in part to contamination from the mine's rock dumps.
3. Historical data and the factor analysis support the contention that the Kathu, Khai-Appel and Sacha
Compartments are a separate geohydrological system from the three mine compartments. Although
waters from the three mine compartments mix to some extent - indicating semi-permeability of the
diabase dykes - water from the mine compartments and the Kathu, Khai-Appel and Sacha
Compartments do not mix - indicating that the Dwyka valley forms a groundwater barrier.
4. Groundwater from all four compartments is too saline for some agriculture: salt-sensitive plants may
be suffering from the use of this water for irrigation.
5. Water in the Kathu and mille compartments is clean dolomitic water, except where it is contaminated
by leachate from mine dumps, slimes dams or from the central workshops
6. The thrust fault in the west may have a local influence on the aquifer chemistry.
7. The mine dumps and the central workshops have noticeable affects on the aquifer chemistry, but the
pit itself has only a limited affect.
8. The mine compartments show contamination by nitrates, probably from blasting: this contamination is
increasing in all three compartments Although levels are currently generally below the maximum
safety limit, this is a source of concern since groundwater form the mine compartments is supplied to
the towns of Dingleton and Sesheng, for drinking purposes
9 The chloride content in the mine compartments is generally is too high for the safety of aquatic
ecosystems. This is problematic with regard to disposal of water into the Gamagara River.
10. The mine compartments also show localised high levels of ammonia, calcium, chloride and
magnesium, making the water locally unsuitable for domestic uses However, mixing of the water
within the aquifer probably mitigates this problem on a compartmental scale.
11. Diesel contamination of groundwater is indicated from facilities in the north mine building complex,
from the north mine slimes dams, from the main access road and possibly from Aldag Service Area
and the main crusher Diesel contamination in the Kathu town area cannot be easily explained.
12. Diesel contaminatiori of the groundwater is widespread and appears to be increasing.
13. There is some nitrate contamination from agriculture in the northern areas, making the water locally
unsuitable for irrigation purposes. Agriculture also appears to have contaminated the northernmost
parts of the study area with potassium and ammonia, although not to dangerous levels.
7.7 POSSIBLE MANAGEMENT INTERVENTIONS
There are two major problems in the groundwater chemistry of the Sishen area: nitrate contamination and
diesel contamination Nitrate contamination is a concern in the mine area. With the current type of
explosives, there is no way to avoid this. However, the affect of higher nitrate concentrations on
groundwater users (Kathu, Dingleton and Sesheng towns, farms) could be minimised by blending water
from ,the mine compartments with water from Khai-Appel or Kathu compartments, where there is no
nitrate problem
Some of the diesel contamination is a result of the explosives used, and there is no way to avoid this
contamination without changing the explosives. Diesel contamination around the north mine building
complex could be reduced by
1. Construction of drainage channels around the edges of the built-up area, to collect run off, which
could then be piped to the slimes dams; and
2. Introduction of regime of more careful handling of diesel fuel in the workshops and service areas.
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The only structures in the mine that nave a noticeable affect on groundwater chemistry are the rock
dumps and the central workshops. Here aqain, it is suggested that the construction of drainage channels
around the edges of the built-up area and the dumps could reduce the problem
PART 3:
WEST DRIEFONTEIN CASE STUDY
"The dolomitic formation of the Transvaal sequence is
one of the most important sources of groundwater
within South Africa"
DG Walton, M Levin and JJ van Blerk 1993
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PART III: WEST DRIEFONTEIN CASE STUDY
CHAPTER 8. CONTAMINATION IMPACT INVESTIGATION
8.1 iNTRODUCTION TO THE CASE STUDY
The dolomitic units of the Transvaal Supergroup are probably the most strategically important aquifers in
South Africa, being located in that part of the country with the highest population density, and an area
which has chronic water shortage problems. The aquifers were the sole supply of water to Johannesburg
until the 1920s (Duane et al 1997) and they have recently been shown to have the potential for use as
emergef]cy water supplies in the event of drought (Walton et a/1993).
However, many of these aquifers occur in mining areas, where large quantities of waste material and
waste ..water are disposed of, with the potential to contaminate the aquifers. This problem became more
.. ,
acute from 1956 onwards, when the disposal of large quantities of underground water to the_surface
began in the Far West Rand (Duane et al 1997). This resulted in the starting of surface water and
groundwater chemistry monitoring, much of this by the Department of Water Affairs and Forestry (DWAF).
Surface water systems draining the Witwatersrand gold mining areas are characterised by low pH and
high sulphate levels, leading to the formation of hydrogen sulphide, elevated trace metal levels and
impoverished biota (Dallas and Day 1993). However, pH levels have risen since the introduction of liming
to control radionuclide deposition,
This case study looks at West Driefontein Gold Mine, a mining operation located on the Far West Rand,
and at the local aquifer, the Oberholzer Compartment of the Far West Rand aquifer. The mine has been
in operation since the 1960s, and has been one of the top gold producers in South Africa for much of the
.Iast twenty-five years. The mine produces gold from the Carbon Leader and Ventersdorp Contact Reefs,
and the yield grade at the quarter ending 30 June 1997 was 8.5gr\ from the milling of 697,000t of ore
(Gold Fields Group Quarterly Results 1997). West Driefontein also used to produce uranium.
The mining operations at West Driefontein do influence the local groundwater chemistry The local
aquifer, the Oberholzer Compartment, is, used to supply farms in the area, as well as forming part of the
emergency back-up supply referred to above, It is thus essential to establish the extent and character of
contamination,
In this case study, as in the Sishen case study presented earlier in this thesis, geology and geo<?hemistry
are used as tools in a mine water management investigation. The key question- in this investigation is to
determine what surface and sub-surface features impact on the groundwater in the Oberholzer
Compartment, and what management interventions can be made by West Driefontein Gold Mine to
reduce negative impact on groundwater quality. The investigation is presented in three parts:
1. A contamination impact investigation (the remainder of this chapter);
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2. Presentation and analysis of groundwater quality data (Chapter 9); and
3. The observed groundwater quality is discussed and interpreted in the light of the contamination impact
investigation, and recommendations for management interventions are made (Chapter 10).
In the remainder of this chapter, a contamination impact investigation is presented, following the same
framework as in 'Chapter 5. The aim is to establish potential contamination sources and examine thier
possible impacts.
8.2 AREA AND SCOPE OF INVESTIGATION
The are of investigation is the Oberholzer Compartment. See Figures 8.1, 8.2 and 8.3. The investigation
covers both groundwater and surface water. Water quality constituents of concern are limited to major
cations and anions and heavy metals. Examination of organic phases has not been done, due to
budgetary constraints. Examination of radionuclides has not been done because of restrictions on the
availabitity of relevant data.
8.3 WATER USES
There are four main current and potential water uses:
1. In the northern parts of the Oberholzer Compartment, water is pumped directly for irrigation and
livestock watering;
2. Supply of groundwater from dewatering operations performed by West Driefontein Gold Mine 1;
3. The aquifer has the potential for development as an emergency water source for Gauteng Province;
and
4. The Wonderfontein Spn.iit is used for limited recreational purposes, primarily fishing.
The supply of groundwater from dewatering operations dates back to 1964, when the government
_ approved the formation of the Far West Rand Dolomitic Water Association (FWRDWA), comprising the..
. main mining operations in the area. The aim of the FWRDWA was to oversee the safe dewatering of
parts of the Far West Rand aquifer, and the association has supplied the Oberholzer Water Board with
the water pumped out. This water is used for irrigation by farmers in the area (Loxton, Venn and
Associates 1993).
, Often referred to as "fissure water"
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8.4 HYDROLOGICAL CHARACTERISTICS
8.4.1 AQUIFER CHARACTERISTICS
The emplacement of a number of intrusions, mostly syenitic dykes, in a north-south trend, has divided the
dolomite aquifer of the Far West Rand into a series of compartments (see Figure 8.2). The rate of
erosions of these dykes controls base level elevation. The Oberholzer Compartment is bounded to the
west by the Oberholzer Dyke and to the east by the Bank Dyke The northern and southern borders are
formed by rocks of the Archaean granite units and the Pretoria Group, respectively (see Figure 8.3).
There are two aquifers in the study area: the main dolomitic aquifer, and a series of shallow, perched
aquifers. The main part of this report is concerned with the dolomitic aquifer, and references to the
"Oberholzer Compartment aquifer" refer to this.
Geahydrolagical Characteristics of Rock Units in the Area
For the distribution of rock -units in the compartment, see Figure 8.3. The presence of dolomite has
resulted in the development of karst geomorphology, throughout the outcrop of the Malmani Sub-Group,
and in areas where cover rock, such as Karoo Supergroup, is thin. The dolomite has no effective primary
porosity (00% to 0.3%) (Wild 1944), but a strong secondary porosity due to dissolution leaching and
karstification (Fleischer 1981). Transmissivity of the dolomite ranges from 10 to 29000 m2dai1 (Steffen,
-.....,~i.>~bbertsonand Kirsten 1996a), depending on the degree of fracturing and faulting. A typical transmissivity
figure for the Malmani dolomites, derived by Schwartz and Midgley (1975) is 7000m2day·l.
The more highly fractured and chert-rich units, notably the Monte Christo and Eccles Formations form
better aquifers than the chert-poorer units, due to their being more highly leached and the chert providing
a lattice to support voids (Bredenkamp 1995). This results in these units having a higher transmissivity
(Bredenkamp et a/1991).
The weathered zone (or wad) is a layer, upto 250m thick of honeycomb textured, chert-rich, weathered
dolomite (Fleischer 1981). The deeply weathered areas are extremely permeable, and groundwater flows
preferentiatly through them. The weathered zone is typically high in iron and manganese (E Erasmus,
pers. comm. 1997).
The Ventersdorp lavas are 'dense -and impervious, any porosity being secondary (Wild 1944). This unit
does not outcrop within the study area, but lies beneath the dolomites. Witwatersrand Supergroup rocks
have no primary porosity, but the brittle, siliceous quartzites and conglomerates display high fracture -
incidence, so their secondary porosity and storage capacity are likewise high (Brand 1986). Additionally,
a form of secondary porosity has been generated by mine excavations (Bredenkamp 1995).
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The diabase dykes - which form the western and eastern borders of the compartment - were previously
thought to be impermeable, but have been in fact shown to be leaky boundaries (Bredenkamp et al
1995). They have a transmissivity offrom 0.1 to 2.0 m3dai' (Steffen, Robertson and Kirsten 1996a)
Groundwater Flow
The highest water table levels in the Oberholzer Compartment are in the far north. This sets up an overall
north-south groundwater flow pattern The pumping of water out of the north shaft of West Driefontein
mine has developed a groundwater depletion cone, centred on the shaft. This pulls water towards the
shaft from the north, west and south-west, and through the Bank Dyke from the Bank Compartment (via
the West Driefontein underground workings). Additionally, a smaller water table low (1000m) extends
westwards from north shaft, through West Driefontein, and up to the western boundary of the
compartment at the Oberholzer Dyke. This results in groundwater flowing north in the extreme south of
the compartment.
A model for groundwater flow below the dolomites of the Evander goldfield (largely in the Ventersdorp
and Witwatersrand Superqroups), developed by Brand (1986) suggests two main flow regimes: laminar
flow in areas above the water table in the dolomite, and turbulent, flow in areas below the dolomitic water
table. The low frequency coupled with high yield character of the lower flow regime in this model appears
to coincide with the water flow regime observed underground at West Driefontein Gold Mine.
Since the water table in the Bank Compartment is higher in the southern areas than that in the
Oberholzer Compartment, it is to be expected that flow between the compartments is from Bank to
Oberholzer, and this is what is observed underground at West Driefontein Gold Mine. Water flows from
the Bank Compartment to the Oberholzer Compartment, by two routes:
1. ThrOugh the underground workings at West Driefontein Gold Mine. Water comes into the mine
workings through a large number of faults, fissures and brecciated zones, mostly post-Transvaal in
age (Steffen, Robertson and Kirsten 1996a). For example, when, in October 1968, a tunnel in the
eastern section of the mine intersected a major fault (the Big Boy Fault), and inrush of water
.occurred, flooding into the mine and crossing the Bank Dyke into the western part of the mine
(Cartwright 1969). The amount of water that came through was in .!./le order of 1.6 xi 07 Ih(' (Duane et
al 1997) .. Much water still comes through at this point. It is possible that, as mining continues at
West Driefontein Gold Mine and other mine son the Far West Rand, the breaks through the dykes....
~y reach such proportions that a single compartment will be formed from those existing currently.
2. Through the bank dyke, which is probably a leaky boundary. It is also to be expected that in the
northern parts of the compartments, where the groundwater table is higher in Oberholzer
Compartment than in Bank Compartment, there may be some flow across the Bank Dyke from the
Oberholzer Compartment to the Bank Compartment.
Additionally, water used to flow into the Oberholzer Compartment from the Bank Compartment via the
Bank Eye at a level of around 1.6Mm3/month (Bredenkamp et al 1991), coming to between 16 and
20Mm3y(' (Fleischer 1977).
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Water used to flow out of the Oberholzer Compartment and into the Turffontein Compartment via the
Oberholzer eye, but this has not flowed since 1959. Some groundwater flow probably occurs between the
Oberholzer Compartment and the Turffontein Compartment through the Oberholzer Dyke, and via the
underground workings of Blyvooruitzicht Gold Mine.
Natural Recharge
Natural recharge to the compartment is two-phase a relatively immediate recharge phase, notably in
areas close to watercourses, and a delayed recharge phase (a delay of about 6 months. T~e immediate
" intake probably occurs via faults and fissures, whereas the delayed recharge occurs through percolation
through soil and rocks of lower permeability (Fleischer 1981). Annual natural recharge has been
estimated at 20x1 06m3y(1 (Steffen, Robertson and Kirsten 1996a).
Shallow Aquifers
Shallow, perched aquifers occur in the Karoo Supergroup rocks and weathered zones, in some parts of
the compartment, and overly the dolomitic aquifer. The weathered zone varies in thickness from 0 to
250m and has a very irregular surface (Fleischer 1977). The development of hardpan ferricrete layers in
the weathered zone encourages the formation of -small, perched aquifers. Some of these aquifers have
developed in the vicinity of mine dumps, for example, south of No 3A slimes dam, and east of No 4 slimes
dam (Steffen, Robertson and Kirsten 1996a). These and similar aquifers may have developed from
seepage from the overlying slimes dams.
Studies done on .sirrular Karoo and weathered zone aquifers in the Free State goldfields (Cogho et al
1992) showed that groundwater levels closely followed surface topography, and that seepage to the
deeper aquifer (in Oberholzer; this would be the dolomites) is negligible. However, in the Oberholzer
Compartment, unlike in the Free State goldfields, the Karoo Supergroup rocks are confined to small
outliers. This means that much of the Karoo Supergroup rocks are in direct contact with the dolomite, so
the possibility of horizontal movement of groundwater from the Kar60 Supergroup and weathered zone
aquifers to the dolomites should not be discounted.
8.4.2 SURFACE WATER
Perennial surface water systems are restricted to the central part of the study area, and have largely been
replaced by artificial water systems. Notably, the Wonderfontein Spruit has been replaced upstream of
Harry's Dam by a canal and the Venterspost 1m Pipeline. See Figure 8.4.
8.4.3 MANAGEMENT ASPECTS
In order to effectively mine the gold of the Far West Rand the dolomites overlying the gold deposits had to
be dewatered. Dewatering of the mining areas of the Oberholzer Compartment was accompanied until
1963 by recharge to the compartment in some areas. Water pumped out of the mines was disposed of by
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open ground drainage and pumping into boreholes and a sinkhole, to the north of the mining areas.
However, by 1962, recharge capacity had been exceeded, and with dangers of surface flooding
becoming evident, it was decided to dewater the compartment (Enslin et a/ 1976). From the mid-1960s
onwards, dewatering of the compartment led to a reduction in the amount of water being pumped out (see
Figure 8.5). This has resulted in a great drop in the water table, in some places this drop was over 700m
between 1960 and 1990.
8.5 EFfECTS Of NATURAL FEATURES
8.5.1 TOPOGRAPHY
The topography of the study area is generally gently sloping, down towards the Wonderfontein Spruit in
the central area. This means that run-off from the mine in the south and from farms in the north is
concentrated into the central area.
8.5.2 CLIMATE
The climate of the study area is typically a cool Highveld climate, with summer rainfall. Mean annual
rainfall is of the order of 600-700mm (Loxton, Venn and Associates 1993). Recharge has also been
estimated (Steffen, Robertson and Kirsten 1996a) to account for 2% of the rainfall on West Driefontein
property, it is reasonable to assume that the figure for the compartment as a whole is similar.
8.5.3 GEOLOGY: NATURAL ROCK UNITS
The stratigraphy of the Far West Rand is given in Table 8.1. See Figure 8.2
"Table 8.1 Stratigraphy and lithology in the Far West Rand, after Engelbrecht et a/1986, Button 1986 and Clay 1986
•
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Alberton Basaltic lavas, some p ows and pophyritic
units
The.basal Witwatersrand Supergroup is largely a sedimentary pile, overlain by the Ventersdorp lavas.
These are overlain in turn by the largely sedimentary Transvaal Supergroup, which includes the Malmani
dolomites which host the main aquifer in the study area. Intruded into these rocks are the Pilansberg
Intrusives, which are dykes and sills, possibly connected to Pretoria Group volcanics, syenitic in
composition (Fleischer 1981). For a fuller discussion of these dykes, see Day (1980) and Van Niekerk
(1962). Overlying the Precambrian rocks, Ecca Group sediments are recorded as outliers in many areas,
largely being represented by shales (Fleischer 1981). Additionally, there are recent alluviums. For a fuller
discussion of the geology of the area, see Engelbrecht et a/1986.
.. The units which outcrop in the study area are the Archaean Granites to the north of the dolomite, Karoo
outliers on top of the dolomite, and Pretoria Group rocks to the south of the dolomite (see Figure 8.3).
Although thtfoTransvaal dolomites are the closest units to the surface in the central area, they do not
outcrop. The Transvaal Supergroup is characterized by a high potassium content (Duane et a/1997).
The granites to the north of the compartment are overlain by a layer of sand, which forms an aquifer.
Groundwater from this sand aquifer flows into the Oberholzer Compartment at the granite-dolomite
contact. The Pretoria Group, lying to the south of the Oberholzer Compartment, is composed largely of
shales and quartzites, and is generally considered to have clean groundwater.
Small, perched aquifers exist in some parts of the Karoo Supergroup outliers in the area (Steffen,
Robertson and Kirsten 1996a). Impact from these is likely to be somewhat sulphurous, due to the coal
content of the unit. Some of the small, perched aquifers in the weathered zone may have developed from
seepage from overlying rock dumps or slimes dams. As a result of this, it distinctly possible that some of
these aquifers will be highly contaminated with slimes dam or rock dump leachate.
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8.6 EFFECTSOF ARTIFICIAL NON-POINT SOURCES
This section is based upon a field study conducted during the course of honours project work (Love
1997). A literature survey was performed and field visits were made to the sites of potential impacters
8.6.1. WEST DRIEFONTEIN MINE UNDERGROUND WORKINGS
The underground workings at the mine expose fresh rock to passing water. This allows dissolution of rock
material into the water, leading to acid rock drainage. In addition to the Malmani dolomites, the main rock
units exposed in the mine workings are the Witwaterand and Ventersdorp Supergroups. Witwatersrand
Supergroup rocks contain generally between 0.6% and 1.6% pyrite (Funke 1990), th~ugh this may rise up
to 5% (Hallbauer 1986). Since bacterial catalysis can proceed in anaerobic conditions, the sealing or- -
flooding of a section of a mine will not stop acid generation, even though air may be largely excluded
(Scott 1995). Acid rock drainage underground also has the effect of increased corrosion of material such
as piping and rock bolts, increasing the iron content of the water (Pulles 1992).
An analysis of the chemistry of the reefs is given in the table below.
Table 8.2. Chemical analyses of the reefs mined at West Driefontein (weight % oxides). (Feather and Koen, 1975)
0.3
0.56
<0.01
0.99
00
<0.01
0.01
Both reefs exhibit high aluminium and iron content, the Carbon Leader Reef has higher values for both of
these elements than theVentersdorp Contact Reef. Additional impact of the workings includes metals
dissolved from the wall rock, iron leached from piping and rock bolts, and leachate from explosive
detonation residues.
Arraly'S"esof groundwater from the Ventersdorp Supergroup in the Welkom goldfield showed the water to
have a characteristically high sodium and chloride content (Bekker 1986).
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8.6.2 WONDERFONTEIN SPRUIT PLUME
Before the construction of the Venterspost 1m pipeline and the Midstream Canal, water flowed down the
Wonderfontein Spruit. This water carried a load of species similar to the current process water canals,
and interacted with the aquifer. Thus it is to be expected that a contamination plume may have been
developed underneath the river. Fliescher (1981) showed the existence of a substantial plume of
contaminated groundwater beneath the Wonderfontein Spruit in the Turffontein Compartment, and it is
likely that 3 similar one developed in the Oberho!zer Compartment
8.6.3. AGRICULTURE
.'~.'"
Farms in the compartment release fertilisers, pesticides and manure into the soil, some of which may be
leached into the aquifer. Fertilisers may release nitrate, chloride and potassium (Mazor 1991). Certain
herbicides, notably atrazine, methoclor and terbuthylazine, have been shown to leach out of agricultural
land (Conrad et al 1999). Irrigation frequently leads to salinisation of groundwater (Op. cit.). Animal
excrement may be a source of nitrate, potassium and phosphate contamination to the aquifer.
Farms in the central part of the compartment make use of West Driefontein fissure water. Fissure water is
pum·ped out of North Shaft of West Driefontein, and, after treatment, into canals. The amount of water
pumped out of North Shaft is around 18Mldai1 (HJ Louw, pers. comm. 1997). Within Oberholzer
Compartment, the fissure canals are divided into three sections: Fissure Water Canal, Bank Canal, and
Oberholzer Canal (see Figure 8.4). The flow in 1996 was 28200m.3da{1 (Steffen, Robertson and Kirsten
1996a). Throughout the area that the canal network serves, fissure water is used for irrigation, and so
goes into the soil and may thence percolate into the groundwater. Thus water from the southern part of
the aquifer - that most directly affected by mining - is distributed into the central part of the aquifer. The
water is used on farms in the area.
Chemical analyses of fissure water are given in Appendixes 2B5-7. See Figures 8.6 to 8.8. All three
canals show an increase in carbonate content and decrease in sulphate content, between 1980 and
1985, a reversal in this trend up to 1992, and then a return to increasing carbonate levels and decreasing
sulphate levels between 1993 and 1997. The overall result is an increase in carbonate content and
decrease in sulphate content, between 1980 and 1997: The cation distribution has not changed
substantially during the same time period. pH has been rising slightly since 1980 in all three canals (see
Figures 8.9 to 8.11), but remaining mainly between 7.0 and 8.5. Electroconductivity has been dropping
somewhat, notably since 1991 in the Fissure Water and Bank Canals, and since 1988 in the Oberholzer
Canal. All these indicate an improvement in water quality.
8.6.4 URBAN AREAS
The to~n of Carletonville is located in the west of the central area of the compartment. It is mainly a
residentiallown, with some light industries. Wright (1999) suggests three major contaminant groups from
non-industrial urban areas:
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1. Nutrients: nitrogen and phosphorous;
2. Biodegradable organics; and
3. Pathogenic organisms.
Any or all of these may be present in run-off and percolation from the three urban areas
8.7 POINT SOURCES OF IMPACT ON WATER QUALITY
This section is also based upon the field study conducted during the course of honours project work (Love
1997). Use was been made of hydrochemical analyses done on various of the impacters by Gold Fields
Environmental Geology Unit and the Department of Water Affairs and Forestry, to determine the
hydrochemical characteristics of the potential impacters. The main facilities at West Driefontein Gold Mine
that could impact on the aquifer are shown in Map 1.
8.7.1 SLIMES DAMS (TAILINGS DAMS)
Slimes dams are a potential source of acid rock drainage. Oxidation of pyrite occurs in those parts of the
slimes dam to which oxygen can gain access, that is, the outer 3m (Marsden 1986). However, the
percolation of water through a dump increases the volume of the dump that is oxidized (Jones et a/ 1988).
Some""-Ofthe water percolates through the slimes dam and into the ground (unless the slimes dam is
lined) and can thus contaminate the groundwater. The fact that underdrains have been observed to
discharge virtually continuously indicates that significant vertical seepage of water does occur in the dams
(FL~ke 1990). Underdrains can help reduce both the volume of a slimes dam lying beneath its internal
water table and the amount of ground in contact with wet slimes (see Figure 8.12).
A 1980s study on bacterial oxidation in slimes dams showed that bacterial action was probably
responsible for the removal of sulphur from the outside region of a slimes dam investigated (Loos et a/
1990). The lost sulphur was converted to sulphate, dissolved, and lost by run-off into surface drainage or
groundwaLer .. Unlined return water dams can also cause contamination of groundwater via percolation,
and of surface water during spillage. Additionally, although the construction of toe paddocks around a
slimes dam protects the surface water systems from contamination, it also means that 'during the period
prior to complete evaporation, the run-off can percolate into the groundwater.
N. West Driefontein, Slimes dams 1, 2 and 4 are sited on dolomite (see Figure 8.3), which means they
._ ...::-,\o"
may well have- direct seepage connection into the aquifer (see Figure 8.13). It is possible that small,
perched aquifers in the weather_ed zone, discovered during drilling in the vicinity of the slimes dams No
3A and 4 may have developed by seepage from the slimes dams. (Steffen, Robertson and Kirsten
1996a). This would suggest the existence of contamination plumes in the weathered zone underlying the
slimes dams, and possibly also rock dumps (see Figure 8.13).
No.1 Slimes D9m is largely gone now, having been reprocessed. All that remains is a small part in the
east. Water collects in hollows on the site, and much material has almost certainly been leached into the
unsaturated zone beneath the dam site. No 2 Slimes Dam is no longer in operation. There are no return
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water dams, and in a visit to the site it was seen that the toe canal and storm water diversion canal
systems are no longer functional (they are blocked in places). There are sinkholes under the slimes dam,
one of which has formed a 7m deep crack in the western slope of the dam. The southwestern slope of the
3A-3B Slimes Dam complex is not protected by toe-paddocks, with the result that slope run-off from the
dam reaches the soil and may either run-off into the Greenbelt Canal or percolate into the aquifer No 4
Slimes Dam is currently in use. Underdrain and penstock discharge feed to the return water dams Run-
off from the dam is contained by synthetic-lined return water dams and returned to the gold plant for
recycling by the mine A toe paddock system is in operation, and appeared to be intact on all sides of the
dam. Drilling of a borehole to the east of this tailings dam in 1995 showed the existence of a water table
at a depth of 12.5m (Steffen, Robertson and Kirsten 1996a). At this level, a pH of 4.2 to 4.5 was recorded
(Op. cit.), indicating contamination by seepage from the slimes dam.
Detaile~ chemical analyses done on water from the slimes dams (collected during the course of the
honours project) are given in Appendix 281. It can be seen that the level of sulphate recorded is (as
would be expected) very high. Plotti'ng the data on a piper plot (Figure 8148), shows that the slimes dam
and return water dams are high in alkalis (except No 1 slimes dam site), The sulphate content is high in
return water dams 3 and 4, and extremely high in slimes dam No 1 site.
8.7.2 ROCK DUMPS
In 1980, rock dumps and ore dumps on gold mines were estimated to cover 80km2 (Thompson 1980).
During rains, water comes into contact with rocks and finely crushed material in these dumps, and acid
solutions and leachate are liberated into the surface water system. Rock dumps rarely have any pollution
control features, so highly contaminated run-off is lost to the soil and surface water.
There are eight' rock dumps on West Driefontein mine in the Oberholzer Compartment. Of these, the
largest is the No 2 shaft rock dump, which has a mean annual run-off of 177500m3y(1 (Steffen,
Robertson and Kirsten 1996a). Run-off from this dump, and from all other dumps, except those for No 3
shaft and No 9 shaft, flows into tributaries of the Wonderfontein Spruit or percolates into the aquifer Most
of the dumps overlie dolomite (see Figure 8.2) On a visit to the dumps it was seen that they lacked
drainage or storm water diversion controls. All the rock dumps are described as having low pH, high total
dissolved solids, sulphate, manganese and chloride (Steffen, Robertson and Kirsten 1996a; 1996b). See
table overleaf.
The dumps are largely highly acidic, with pH usually 5.0 or less, with the exception of No 4 shaft rock
dump, which shows slightly alkali pH. The electroconductivity is extremely variable, but in some dumps,
notably the carbon leader sorted waste dump and No 2 shaft rock dump, it is extremely high - over
'. 200mSm-1. See Figures 8.15 and 8.16.
The Sorted Reef Rock Dump is sited on Pretoria Group rocks. Drainage from this dump goes into a
watercourse. Analyses of drainage from the dump are given in Appendix 2B2. See Figure 8.17. The water
has high sulphate content - over 65%. The magnesium, sodium and sulphate contents have been
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dropping since 1995, and the calcium content increasing. pH is slightly alkali, but has been dropping
since 1995. Conductivity has fluctuated greatly since 1995, but now stands in the region of 80mSm-1. In
general, drainage from the dump is cleaner in 1997 than in 1996, but still highly problematic.
Table 8_3. pH and conductivity data for West Oriefontein (WO) and East Oriefontein (ED) rock dumps
(Steffen, Robertson and Kirsten 1996a; 1996b)
<10 to 60
110
<10 to 520
<10 to 50
<10 to 30
8.7.3 MINE WASTE DISPOSAL
The non-hazardous mine waste from West Driefontein is disposed of at a dump in the west of the mine
area. This site is on thin Pretoria Group rocks, overlying dolomite. No water was present in the dump at
the time of the field work for this study (the dry season was current), but it is !o be expected that water will
accumulate in them during the rainy season.
It has been noted that explosives may contribute to contamination of the groundwater (Fleischer 1979),
and there are several explosive destruction sites on West Driefontein.
'13.7.4 THE PROCESS WATER SYSTEM2
Process water is pumped out of 4 and 5 Shafts of West Driefontein Gold Mine, and discharged into a
canal system, which also receives process water from the Venterspost 1m Pipeline. See Figure 84 for
the process water system at West Driefontein. Unless there is any leakage in 'the canals themselves, the
only points of impact of the process water canal system into the Oberholzer aquifer are the settling ponds
and Harry's Dam.
-Lime (Ca(OH)2), and occasionally NaOH, is added to the' mine process water in the gold plant, to cause
precipitation of radioactive minerals in the plant, with the aim of preventing these minerals from being
2 Referred to as "dirty water system" by the Mine"Water Regulations: "Regulations on use of water for mining and
related activities aimed at the protection of water resources", Government Notice R704 of 4 June 1999
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carried into the environment; chloride is sometimes added as well, to break up cyanide (H.J. Louw, pers
comm. 1997).
Settling Ponds
The settling ponds are unlined. The soils in the ponds are contaminated with material from the mines.
Despite this, a visit to the ponds showed that they support a large bird community and fish.
Chemical analyses of water from the settling ponds are given in Appendix 2B3. It can be seen that the
ponds show high sulphate levels, and these have been generally increasing from 1981 to 1990 (see
Figure 8.18). The carbonate content has been decreasing during the same period. No one cation was
dominant in the ponds in 1980, but there has been a steady increase in alkali metal content since then,
and a corresponding decrease in calcium content. From 1990 to 1997, there has been some
improvement, with sulphate and alkali metal levels decreasing, and carbonate levels increasing
However, the water remains much less clean than it was in 1980. The pH of the ponds has remained at
slightly above neutral, but the conductivity has risen, somewhat erratically, between 1980 and 1995. From
the above, it can be seen that the ponds have been accumulating material in the last seventeen years,
leading to the rise in conductivity. The material accumulating in the ponds appears to be largely alkali
metal sulphates.
loxton, Venn and Associates (1993) reported a possible molybdenum deficiency disorder in winter
pasture plants on Montrose Farm, which lies immediately to the west of the settling ponds. High sulphate
levels inhibit molybdenuf-n uptake (Mortvedt and Cox 1985), and the settling ponds show extremely high
sulphate levels. It is possible that material accumulating in the soil beneath the settling ponds has
contaminated the surrounding soils.
Harry's Dam
Harry's Dam is located at the western edge of the Oberholzer Compartment. Water from the canal system
flows into the dam, and water flows out of the dam into the Wonderfontein Spruit. The flow over the weir
in 1996 was 17797m3day"' (Steffen, Robertson and Kirsten 1996a). The dam is an unlined earth dam,
thus material in it percolates into the unsaturated zone and thence to the aquifer. The dam was seen to
support a wide variety of bird-life and fish. Chemical analyses of water from the Harry's Dam are given in
Appendix 2B4. See Figure 8.19. Water sampled from Harry's Dam in between 1995 and 1997 shows
higher chloride and alkali metal levels, c6mpared to 1967 values, the calcium and bicarbonate values for
recent years are also. slightly higher, and sulphate content has changed little. These differences suggest
that the dam is taking a higher salt load in the 1990s than in 1967.
Sewage Effluent Canals
Treated sewage from East Driefontein flows down a lined canal, and treated sewage from West
Driefontein is added to it: approximately 4.8Mlday·' is piped from the 4 Shaft complex and 0.1 Mlday"' from
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7 Shaft (Steffen, Robertson and Kirsten 1996a). It then flows to Grassy Enterprises Dam, a nursery, and
the Gold Fields Recreation Club in Carletonville, where it is used for irrigation. Grassy Enterprises Dam
also receives some overflow from the process water canals, and any run-off from the area north of No 2
slimes dam. Detailed chemical analyses are given in Appendix 283. On a piper plot (Figure 8.20) the
water from Grassy Enterprises Dam plots slightly to the carbonate side of the anion triangle, and slightly
to the alkali side of the cation triangle.
3.7.5 CARLETONVlLLE MUNIC!PAL DUMP
The dump is unlined and located on dolomite, and thus leachate may quickly reach the aquifer Leachate
from a rubbish dump can contain high levels of iron, manganese, lead, mercury, chromium, various other
heavy metals, phenols, cyanide and nitrite and a high total dissolved solid content (Stone 1996, Zhu et a/
1997). No surface or groundwater chemistry data is available for the dump, or its vicinity At the time of
field investigation, there was no water in the dump, as the dry season was current. However, it is to be
expected that water could accumulate in the dump in the rainy season .
. 8.7.6 FILLING AND GROUTING OF SINKHOLES
The using of sinkholes as dumps for solid waste occurs widely in the area, and provides a mechanism for
waste leachate reaching the aquifer. Additionally, the current practice of sinkhole-grouting carried out by
the Gold Fields Engineering Geology Unit involves the usage of waste rock and soil (Jenniker 1997). This
could provide a mechanism for acid rock drainage, as any water percolating into the grouted sinkhole
would oxidise any pyrite in the waste rock. However, if older dumps (where much of the pyrite has already
been oxidised) are used as sources, and reef waste dumps (which are particularly high in pyrite) are
avoided, the impact could be minimised.
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PART III: WEST DRIEFONTEIN CASE STUDY
CHAPTER 9. QUANTIFICATION OF WATER QUALITY
9.1 INTRODUCTION
In this chapter, tile investigation is continued by the presentation and analysis of water quality data First,
existing groundwater quality data is presented and then the data is treated to two multivariate analyses.
Although data is already available, little to no work has been done to interpret this data and examine the
geohydrological and hydrogeochemical characteristics of the aquifer
9.2 GROUNDWATER QUALITY DATA
9.2.1 DATA
Available analyses to date are presented in Appendixes 2B8-10 These cover samples taken from across
the compartments within the period 1995 - 1997. Analyses consist of:
1. Thirteen "macro-elements" (Ca, fvlg, Na, K, Fe, Si, HC03, C03, S04, CI, N03. N02 and total alkalinity);
and
2. Twelve metals (AI, Mn, Cu, Co, Zn, Pb, Cr, As, Cd, Hg, V, Mo).
For graphical presentation of the chemical data, see Figures 9.1-3. For the location of boreholes used in
sampling, see Figure 94.
The samples plotted on the 1997 piper plot (Figure 9.3) can be grouped as follows:
1. Clean dolomitic waters;
2 Intermediate carbonate waters;
3 Calc-sulphate waters;
4. Alkali carbonate waters;
5. Alkali sulphate waters ..
Several of these groups are also distinguishable in the 1996 and 1995 data (Figures 9.1 and 9.2)
9.2.2 COMPARISON TO WATER QUALITY GUIDELINES
Water in the _south-east and central areas is pumped 'out during dewatering operations and used for
agricultural purposes. It should thus meet quality criteria for livestock and irrigation purposes. Water in the
north and far north areas is pumped out by farmers for agricultural purposes, and should thus also meef
quality criteria for livestock and ~rrigation purposes. If the compartment is to be considered as part of an
emergency back-up water supply for Gauteng, then water throughout should meet for agricultural
purposes quality criteria for domestic purposes. See table below.
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Table 9.1. Comparison of observed water quality to SA Water Quality Guidelines (OWAF 1996a, 1996c and 1996d)
AREA WATER USE COMMENT*
South-east Domestic Unsuitable due to iron, calcium and magnesium levels being
generally too high, and total dissolved solids, sulphate, arsenic,
manganese and lead locally too high
Livestock Watering Water quality satisfactory
Irrigation Unsuitable due to electroconductivity levels too high throughout,
-
.. ~Ild manganese, arsenic and sodium levels locally too high
Central i Domestic Unsuitable due to nitrate! iron! calcium and magnesium levels
being too high throughout
Livestock Watering Unsuitable due to nitrate levels being too high throughout
Irrigation Unsuitable due to nitrate and conductivity levels being too high
throughout and manganese and zinc locally too high
North Domestic Unsuitable due to iron, calcium and magnesium levels being
generally too high, and nitrate and manganese levels locally too
high
Livestock Watering Nitrate levels too high at one site
Irrigation Unsuitable due to electroconductivity and manganese levels
being generally too high
Far North Domestic Unsuitable due to nitrate and mercury levels being too high
throughout
Livestock Watering Unsuitable due to nitrate levels being too high throughout
- Irrigation Unsuitable due to nitrate levels being too high throughout
• Explanation of comments: "locally too high" means In a minority of samples, "generally too high" means III a over
three-quarters of samples and "too high throughout" means in all samples.
6.4 MULTIVARIATE ANALYSIS OF GROUNDWATER QUALITY DATA
The objectives of the multivariate analysis of the groundwater quality data were:
1. To determine correlations between the occurrence of different chemical species in the groundwater;
2. To establish factors of chemical species whose abundance and distribution were related statistically;
3. To map the distribution of the factors, so as to enable the interpretation of their distribution; and
4. To use cluster analysis to attempt to define groundwater zones.
6.4.1 FACTOR ANALYSIS
See section 1 5.1 for the theory behind factor analysis. Factor analysis was performed using the
STATISTICA software The factor loadings are shown in Table 9.2. The following factors are indicated:
Factor 1. Electroconductivity, Ca, Mg, Na, Fe, S04, Mn;
Factor 2 pH, HC03, negative S04, Na, K, Mn, B;
Factor 3. HC03, negative K, CI, N03; and
Factor 4. pH, C03, negative Zn.
These four factors explain 75% of the variance in the dataset. Carbonate, copper and zinc have over 30%
of their variance as residual that part of the variance in each variable (chemical species) not explained by
the four factors.
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The factor scores for each case (borehole) are given in Table 9.3, and mapped out in Figures 9.5-9.8.
The distribution shown is as follows
Factor 1. Lowest in the far north, increasing into the central areas and highest in the gold mine
workings:
Factor 2. Lowest in the gold mine workings, increasing into the central and western areas, low in
the far north;
Factor 3 Lowest in the gold mine workings and north-east, increasing into the central area; and
Factor 4. Lowest in the far north. increasing into the central area
6.4.2 CLUSTER ANALYSIS
See section 1.5.3 for the theory behind factor analysis. Cluster analysis was performed on the factor
scores, using the STATISTICA software. See Table 94 and Figures 10.6-7 for the clusters. The four
clusters indicated are:
Cluster 1. Western and central areas:
Cluster 2. Southern area, including gold mine workings;
Cluster 3. Gold mine workings, and one northern borehole;
. Cluster 4. Far north and two gold mine working samples.
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Table 9.4. Results of Cluster Analysis of Factor Scores of West Oriefontein 1997 Groundwater Chemistry
Data
Cluster Analysis (fwr97-fs.sta): Ward's method: Euclidean distances
10 X Y Cluster
1 OT1 43020.000 -2913830.000 1
20T4 38075.000 -2915050.000 1
30T5 39576.455 -2914575.017 1
40T7 38681.000 -2915734.000 1
9 BH3 43060.000 -2905225.000 1
11 BH7 45075.000 -2904050.000 1
12 BH18 42625.000 -2905525.000 1
13 BH20 46350.000 -290552!>.OOO i
50T8 39425.000 -2915230.000 2
15 214 2
16 215 43035.00Q -2918684.000 2
17 216 40684.000 -2919045.000 2
28 4/20 47062.000 -2917200.000 2
10 BH5 43510.000 -2905350.000 3
14 212 42490.000 -2918669.000 3
19 4/7 46785.786 -2916639.970 3
21 4/11A 47493.000 -2917073.000 3
22 4/12 46896.000 -2916849.000 3
23 4/14 3
24 4/15 3
25 4/16 47642.700 -2917213.606 3
26 4/18 3
27 4/19 3
60FN1 43924.993 -2902875.176 4
70t-N2 45680.838 -2901044.131 4
80FN3 50312.507 -2900778.698 4
18 4/5 46799.950 -2917390.655 4
20 4/11 47946.000 -2916849.000 4
169
100
80 /'\ 80
60
S04+C1
40
Ca+Mg
Na+K
60
40
20· ..
,:.:":.".::-
.... _ .... _.... _" 20
. . . . ' ..
': . .'.' ."
100 80 60 40 20 o 0 20 40 60 80 100
Ca CI
CATIONS ANIONS
1 4/12
2 4114
3 4/15
4 4/16
5 4/17B
6 4/5A
7 on
8 OT2
9 OT3
A OT4
- .
PIPER PLOT OF OBERHOLZER GROUNDWATER. 1995
THE AREA LEFT OF THE ARC IN THE LEFT-HAND CORNER
OF THE MAIN DIAMOND IS THE FIELD OF WITWATERSRAND
DOLOMITIC WATER AS DEFINED BY WALTON et al 1993.
FIGURE 9.1 I
170
S04+Ci
100
60h%60
, ,3, Ca+Mg40 40
,2
Na+K 20 20,'D,', ,",
.;
... />. 0/
100
_", ", .
100
80, ,'E' .. '. .80
... '.,:
" .. 'J; 60 'SO
4
.•.40
, ". 20
··M 0
80 100100 80 60 40
Ca
20 o 0 20 40 60
Cl
ANIONSCATIONS
1 1996-2/2 9 1996-4/2
2 1996-2/4 A 1996-4120
3 1996-2/5 'B 1996-4/3
4 1996-2/6 C 1996-4/4
5 1996-4/11 D 1996-4/5
6 1996-4111A E 1996-417
7 '1996-4/12 F 1996-BH18
8 1996-4/17 G 1996-BH19
H' 1996-BH;3
I 1996-BH5
J 1996-BH7
K 1996-0Tl
L 1996-0T2
M 1996-0T3
N 1996-0T4
o 1996-0T5
P 1996-0T7
Q 1996-0T8
R 1996-]4/16
PIPER PLOT OF GROUNDWATER, 1996
THE AREA LEFT OF THE ARC IN THE LEFT-HAND CORNER OF.
OF THE MAIN DIAMOND IS THE FIELD OF WITWATERSRAND
DOLOMITIC WATER, AS DEFINED BY WALTON et ai, 1993·,
FIGURE9'2., '
171
PIPER PLOT OF GROUNDWATER, 1997
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PART III: FAR WEST RAND CASE STUDY
CHAPTER 10. DISCUSSION AND INTERPRETATION OF WATER QUALITY
10.1 INTRODUCTION
In this chapter, the observed grouridwater quality (Chapter 9) is discussed and interpreted in the light of
the contamination impact investigation (Chapter 8).
10.2 GROUPS IDENTIFIED ON THE PIPER PLOT (BULK WATER CHEMISTRY)
Five groups were identified on the 1997 piper plot (Figure 9.3). The clean dolomitic waters come from the
central part of t~e aquifer. The intermediate carbonate waters come from .the mine area. It is suggested
that the impact of the underground workings and of percolation from the mine dumps and slimes dams in
the south-east of the compartment have caused elevation of the sulphate levels in that area as compared
to the clean dolomitic waters .
.The calc-sulphate waters all come from sampling points either directly underlying slimes dams or very
-_,;. :
close to slimes dams. Point 2/4 lies under Slimes Dam N01 sites, and 2/5 is close to it; 2/6 is close to
Slimes Dam 3 and 4/5 is close to Slimes Dam 2. It is suggested that the proximity to the slimes dams has
caused SUbstantial elevation of the sulphate levels when compared to the clean dolomitic waters.
The alkali carbonate waters come from the far northern part of the aquifer. This boreholes sampled are
within the dolomites but in an area where the proximity of the granites may be influencing the composition
of the groundwater. Kaolinsation of feldspars in the granites releases sodium and potassium into the
water system. The two alkali sulphate waters represent different sources. OFN3 is granitic water, with
elevated alkalis due to kaolinisation. The elevated sulphate+chloride levels may relate to fertilisers.
Several of these groups are also distinguishable in the 1996 and 1995 data (Figures 9.1-2).
10.3 MULTIVARIATE ANALYSES
10.3.1 FACTOR ANALYSIS
Factor 1, highest in the mining area (see Figure 9.5), represents contamination from mining operations.
Iron and sulphate come from pyrite oxidation, calcium and magnesium from dolomite dissolution (during
the buffering of acidification), manganese from dissolution of impurities present as Mn2+ in the carbonate
lattice in the dolomites (Button 1975) and high electroconductivity as a result of the dissolution of rock
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material and percolation from slimes dams in the mining area. Sodium and chloride are both also present
in this factor, and are probably also contributed from the mining operations.
Factors 2, 3 and 4, highest in the centre and north (i.e. away from the mine) represent the clean dolomitic
water signature: high pH and carbonate or bicarbonate. Factor 4 indicates areas with the highest pH, and
hence predominantly carbonate ratherthan bicarbonate. This is in the central parts of the compartment,
away from the mine and also from the granites. Thus the buffering effect of the dolomites is highest in the
central areas.
Residual copper and zinc could be related to mineralisation in the dolomites. Button (1975) has indicated
the presence of Cu2+ in the carbonate lattice of the Malmani dolomites
10.3.2 CLUSTER ANALYSIS
The clusters do not clearly divide the aquifer into groundwater zones. However, by grouping the clusters
thefollowing zones ca~ be suggested (see Figure 9.10):
• Southern Zone: Mainly Clusters 2 and 3, representing water contaminated by mining;
• Central Zone: Mainly Cluster 1 representing clean dolomitic water in the central area; and
• Far Northern Zone: Cluster 4, representing water in the far north influenced by the granites.
10.4 CONCLUSIONS
1. Factor analysis identifies two main signatures in the groundwater: (i) a signature due to contamination
from the mine, and (ii) a clean dolomitic water signature.
2. Cluster analysis suggests possible zonation of the aquifer into a southern (mine area) zone, a central
'zone and a far northern zone.
3. Groundwater in the south of the compartment is dominated by the influence of West Driefontein Gold
Mine, especially in the vicinity of slimes dams. This corresponds to the southern zone suggested by
cluster analysis.
4. The influence of West Driefontein Gold Mine on groundwater in the central areas is less pronounced,
although the slimes dams contaminate the groundwater locally. The northern area has largely clean
groundwater, dominated by the original dolomitic water Signature. Together these areas correspond to
the central zone suggested by cluster analysis.
5. The far northern area has largely clean groundwater, dominated by the original dolomitic water
Signature and influenced by the underlyinq granites. This corresponds to the far northern zone
'. .
suggested by cluster analysis.
6. Specific sources of contamination at West Driefontein Gold Mine include the slimes dams, the rock
.-;. _.. .--:. ....
dumps (especially the 2 shaft and carbon leader dumps), the underground workings and the settling
ponds. The impact of the settling ponds and of the slimes dams is increasing. It is worth noting that
Slimes Dam No 1 site, which was cleared of slimes over a year before sampling was done for this
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study, is still causing a noticeable impact on the aquifer beneath it. Thus all of the slimes dams will,
under current conditions, continue to contaminate the aquifer, even if they are removed.
7. The impact of Harry's Dam and the Green Belt Canal seem to be minimal and decreasing.
8. Underground leaching of the Witwatersrand sediments and of the VCR and Carbon Leader Reef has
the potential for acid rock drainage underground in the mining area The impact of the mine will not
stop at closure, unless remediation measures are undertaken.
9. Heavy metal contamination in the southern area, which is probably related to mining operations,
includes high levels of iron, arsenic, manganese and lead in the groundwater.
10.There is no clear evidence for the use of fissure water in irrigation having an impact on the aquifer.
However, high electroconductivity recorded throughout the central, north and far north areas of the
aquifer may be connected to these irrigation practices.
1tAgricultural activities in the central, north and far north areas of the aquifer appear to be contaminating
the aquifer with nitrate.
12There is no clear evidence for any impact on the aquifer of activities in the Carletonville urban area,
unless they are, along with agricultural activities, contributing. to the aquifer's nitrate loading.
13.The use of water in the north and far north areas for livestock watering is generally safe, but nitrate
levels are too high for this purpose in the central areas.
14.The use of water in the central, north and far north areas for irrigation is inappropriate; due to
electroconductivity levels being too high throughout, and nitrate, manganese and zinc being too high
in some areas.
15.The use of water pumped from the south-east (mine area) for livestock watering is generally safe, but
use for irrigation is inappropriate d-ue to electroconductivity levels being too high throughout, and
manganese, arsenic and soidum levels being too high in some areas.
16.Water in no part of the compartment is safe for domestic use, due to iron, calcium and magnesium
levels being too high throughout, and nitrate levels being too high in the central and north areas. There
are also problems with high sulphate, arsenic, mercury, manganese and lead levels in some areas,
notably in the south-east. This has serious implications for considering the aquifer as part of an
emergency back-up water supply for Gauteng.
, 0.5 POSSIBLE MANAGEMENT INTERVENTIONS
The main problems in the aquifer are widespread contamination from the mine in the south-east, notably
of sulphate, iron and other heavy metals, and nitrate contamination in the agricu!tural areas. There are a
variety of measures that West Driefontein Gold Mine could undertake.
Slimes Dam No 1 site should be rehabilitated, the soil replaced and the area grassed. The site will need
treatment with limestone or lime to restore soil pH - to appropriate levels for vegetation growth.
Consideration .should be given to recenf studies on re-vegetation, such as those by Barnard et -al (1998)
and Versfeld et al (1998). Storm water control facilities should be repaired and completed at Slimes Dams
No 2, which will decrease the amount of water reaching the dams, and hence contamination. The toe
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paddock system should be replaced with toe canals. The storm water diversion canals at Slimes Dam No
3 Complex should be completed on the south-western and south-eastern sides. The toe paddock system
should be replaced by toe canals, feeding the return water dams. Site selection for any future slimes
dams should consider the environmental consequences of construction of slimes dams on dolomite,
especially where the rock is deeply weathered.
Storm water diversion channels should be constructed around all rock dumps, to reduce the amount of
water interacting with the dumps. It will be necessary after closure to retain and maintain poilution control
features on any dumps (slimes dams or rock dumps) which are not removed and rehabilitated.
The current settling ponds are a possible impacter on the aquifer. It is recommended that they be
replaced, preferably with new, concrete-lined ponds. The soil beneath the current settling ponds should
be treated as waste and consigned to a slimes dam.
Give~ the low quality of the mine process water, ·mechanisms of further cleaning it prior to discharge
should be looked into:
1. General desalination, especially the removal of sulphates which whilst inoffensive in themselves
contribute to the excessive TDS/electroconductivity of the water, can be accomplished by the use of a
BaC03 treatment process. This model involves the reaction of BaC03 and lime with mine process
water, precipitation of BaS04, and production of a softened water discharge. The subsequent recovery
of the BaC03 and S production is possible through a second plant. In a test of this procedure, total
dissolved solids was reduced from 3562mg/1 to 318 mg/I in 45 minutes, and sulphates were all
precipitated from an initial 2400mg/1 in 30 minutes (Pollution Research Group, 1990).
2. Another method for removing sulphates, as well as calcium and transition metals, involves the use of a
three stage anaerobic/aerobic/anaerobic biological process (Funke, 1990: chapter 6.3). The first stage
was _shown to remove around 90% of the sulphate in 3hrs (from 25000mg/1 to 200mg/l) and the
following two stages removed organic residual from the first stage.
3. A study on extraction of heavy metals by yeast (Duncan et ai, 1994) recorded over 60% efficiency in
copper, chromium and lead removal. Further work in the same study showed effective removal of
calcium, potassium and zinc.
4. Blending of process water with some fissure water prior to discharge would improve process water
quality.
5. Use of constructed wetlands, such as at Bannockburn and Van Dykes Drifts mines, could be
considered. However, more research is needed on the mechanisms for immobilisation of heavy metals
in such processes (Wood 1999).
The basic principle involved in dealing with mine process water is that cleaning up the water will deal with
both the cleaning of the surface water and reducing of the impact to the aquifer.
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Given the prolific birdlife and fish in Harry's Dam, which receives process water from the mine, it would
sensible to investigate if such lifeforms are accumulating metals in their tissues, especially since the dam
is used for fishing.
There is also room for improvement in the fissure water treatment process. The use of fissure water will
be considered to be "irrigation with waste water" in terms of section 37 of the National Water Act, and
thus require licensing and the following of specific regulations with respect to water quality and quantity,
theproximity of irrigation to rivers and monitoring methods.
Underground contamination will continue from the mine after closure (Scott, 1995). Post-closure cleaning.
of the aquifer may be possible. Lachmar (1994) proposed a method for reducing contamination involving
grouting of major faults/breccias. A recent study by Zhu et a/ (1997) of chromium contamination in the
Shantou Block, Bohan, China showed successful cleaning of an aquifer. The Shantbu aquifer is in a
geologically and geohydrologically similar setting to the Oberholzer Compartment Cleaning of the aquifer
was accomplished by the removal of the contamination primary sources, followed by pumping of the
groundwater. This was largely successful after three years of operation of the programme. Although the
study area was smaller than the Oberholzer Compartment (only 16 krn") this procedure could work for
Oberholzer Compartment as well, following closure of the mines.
Attention must be paid to agricultural practices in the area, and elsewhere in the Transvaal dolomites, to .
try and reduce nitrate contamination of strategic aquifers. The work done by Conrad et a/ (1999) may
prove a useful starting point.
, PART 4:
TREATMENT Of MINE WATER
WITH A FLOW-THROUGH CAPACITOR
..... '
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PART IV: FLOW-THROUGH CAPACITOR STUDY
CHAPTER 11. INTRODUCTION TO THE STUDY AND DESIGN OF THE
CAPACITOR
11.1 iNTRODUCTION TO THE STUDY
With the changing legal framework and corresponding increasing difficulty mines will face in avoiding
responsibility in dealing with waste water disposal and water contamination and the widespread problems
mines face with the chemical compositions of their waste water, the exploration of alternative methods for
· the treatment of mine water is increasinlgy important Existing methods to remove dissolved material from
minewater include:
1. Flocculation (Funke 1990);
2. Desalination by membrane processes, such as electrodialysis or reverse osmosis (Funke 1990);
· 3. Desalination using biological processes (Schutte and Maree 1989);
4. Lime treatment (Du Plessis 1982);
5. Limestone treatment (Maree et al 1996);
6. SaC03 treatment process (Pollution Research Group 1990);
7. Dissolved air flotation and filtration (van Seek and Haarhoff 1997);
8. High density sludge process (Funke 1990);
9. Ion exchange softening (Funke 1990);
10.Use of yeast biomass to remove metals (Duncan et al 1994).
The concept of separating ionic fluids with a flow-through capacitor was patented by Andelman (1996)
a~d Otowa (1996). The concept is as follows: water passes through two high surface area, conductive
layers (such as porous titanium and carbon cloth), separated by a porous, non-conductive membrane. A
:DC power source charges the two conductive layers-with opposite polarities. See Figure 11.1. Water
· passes through the first conductive layer, and ions, of the opposite charge to the layer, are absorbed onto
the layer. The water passes through the membrane, and then the second conductive layer, and ions of
the opposite charge to that layer are absorbed onto the layer By varying the potential applied to the cell,
it is possible to absorb specific ions onto the conductive layers. After water purification, the potential is
disconnected, and the cell is flushed with a small volume of water. This produces a small volume of
. concentrated waste, from which desired species can be recovered by another process, or the waste
water can be disposed of.
This method has not been developed beyond the initial patents of Andelman (1996) and Otowa (1996),
nor has it been examined in the South African context or in application to the mining industry. It was
therefore decided to investigate using a flow-through capacitor design of this kind for the purpose of
-
extraction of key metals from mine water.
186
Inmines in the Kalahari and Witwatersrand areas of South Africa, calcium removal from groundwater is of
major importance. This is because calcium is abundant in the local groundwater and contributes
substantially to the hardness of water. Manganese and iron are two other common species in Kalahari
groundwater, dissolving from units such as the Hotazel Formation. These three metals were found to be
problems in the local groundwater in both of the two case studies discussed earlier in this thesis.
Therefore, this investigation focuses on the separate removal by the capacitor of calcium, of manganese
andof iron.
11.2 TECHNICAL DESIGN OF THE CAPACITOR
See Figures 11.2-4. The capacitor consists of two pieces of carbon cloth mounted on porous titanium
electrodes. The carbon cloths are separated from each other by a porous, non-conductive membrane
The capacitor is housed in a silicone rubber ring, and closed at the top and bottom with aluminium caps,
fitted with rubber washers. Expanded polystyrene spacers are used to provide a reservoir above the first
electrode, and to keep the electrodes in contact with the carbon cloths. Current is carried to the
electrodes by copper strips.
List of Components:
1. 2x Aluminium caps, circular, thickness: 10mm, diameter: 84mm, each fitted with rubber washer;
2. 2x Porous Ti electrode, circular, diameter: 83.88mm;
3. 2x copper strips;
4. 2x Thick felt carbon Cloth, circular, diameter: 84mm;
5. 1x non-conductive membrane, circular, diameter: 84mm;
6 1x Siliccne rubber ring housing, prepared using mould;
7. 2x aluminium pipes, thickness: 20mm. Length: 50mm;
8. 3x expanded polystyrene spacers.
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FIGURE 11.1
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PLANS FOR THE CAPACITOR:
1= ALUMINIUM CAP; THICKNESS 1Omm, DIAMETER 84mm
WITH RUBBER WASHER BENEATH _
2 = POROUS Ti ELECTRODE, DIAMETER 84mm FIGURE 11.2
3 = COPPER STRIP
4 = CARBON CLOTH, DIAMETER 84mm
5 = NON-CONDUCTIVE MEMBRANE
6 = SILICONE RUBBER RING, SPECIFICATIONS IN IR 8
7 = ALUMINIUM TUBE; THICKNESS 20mm, LENGTH 50mm
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••
THE CAPACITOR, MOUNTED:
. 1= ALUMINIUM CAP; THICKNESS 10mm, DIAMETER 84mm
3 =COPPER STRIP FIGURE 11.3
6 = SILICONE RUBBER RING, SPECIFICATiONS IN IR 8
7 = ALUMINIUM TUBE; THICKNESS 10mm, LENGTH 10mm
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Reservoir
CROSS-SECTION THROUGH THE CAPACITOR:
1= ALUMINIUM CAP
2 = POROUS Ti ELECTRODE
3 = COPPER STRIP
4 = CARBON CLOTH -
5 = NON-CONDUCTIVE MEMBRANE
6 ::% SILICONE RUBBER RING
8 = RUBBER WASHER
9 = EXPANDED POLYSTYRENE SPACER
FIGURE 11.4
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PART IV: FLOW-THROUGH CAPACITOR STUDY
CHAPTER 12. TESTING OF THE CAPACITOR AS A NEW MINE WATER
TREATMENT METHOD
12.1 MATER!,<\LS AND METHODS
..T.b@ capacitor cell was set up as shown in Figure 114. DC power was supplied to the capacitor cell by a
CISPS-1930 instrument
12.1.1 REMOVAL OF CALCIUM
A 500ppm solution of calcium ethanoate was prepared, and sufficient poured into the capacitor to fill the
reservoir at the top, The current was switched on at 5V and the product was collected, Once product had
been collected the potential difference was raised to 10V, and a second product collected, This was
repeated for potential differences of 15V, 20V, 25V and 30V' 500ppm and 200ppm solutions of calcium
nitrate were prepared and the procedure repeated at 10V intervals 10V, 20V, 30V, 40V, 50V and 60V for
two runs of each solution, Between each run of 6 samples the capacitor was flushed: the reservoir was
filled with distilled water, which was left to drain through with the current off, The product samples were
analysed by Atomic Absorption Spectroscopy, using a Varian ,AA-1275 series instrument.
12.1.2 REMOVAL OF MANGANESE
The same procedure as was followed -tor calcium was followed for manganese, using solutions of
ma~ganese (II) chloride and manganese (II) nitrate,
12,1,3 REMOVAL OF IRON
The same procedure as was followed for calcium and manganese was followed for iron, using solutions
of iron (II) nitrate,
12.2 RESULTS
12.2.1 REMOVAL OF CALCIUM
The experiment proceeded smoothly; although the capacitor became hot above potential differences
above 40V, The product concentrations are given in Appendix 2C1 and displayed graphically in Figures
12,1 to 12,3,
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The capacitor removed over 75% of the dissolved calcium from the calcium ethanoate solution, with the
proportion of calcium removed increasing with increasing potential difference, from 175ppm at 5V to
17ppm (97% removal) at 30V. The capacitor removed between 94% and 99% of the dissolved calcium
from the 500ppm calcium nitrate solution, with the proportion of calcium removed increasing with
increasing potential difference_. The capacitor removed between 72% and 89% of the dissolved calcium
from the 500ppm calcium nitrate solution, with the proportion of calcium removed increasing with
increasing potential difference In both cases the product concentrations ranged between 60ppm and
4ppm.
12.2.2 REMOVAL OF MANGANESE
The experiment proceeded smoothly for the manganese chloride run, and for the first two manganese
nitrate runs, but during the third run the capacitor became clogged up with a precipitate, and the current
was substantially lower than for the corresponding potential differences in the first two runs. The product
concentrations are given in Appendix 2C2 and displayed graphically in Figures 12.4 and 12.5.
The capacitor removed between 75.5% and 98% of the dissolved manganese from the 200ppm
manganese chloride solution, with the proportion of manganese removed increasing with increasing
potential difference In the fi!st two runs of the 500ppm manganese nitrate solution, the capacitor did not
remove measurable amounts of dissolved manganese at below 30V, and removed between 59.9% a'nd
98.6% above 30V, with the proportion of manganese removed increasing with increasing potential
difference.
12.2.3 REMOVAL OF iRON
The results are given in Appendix 2C2 A precipitate formed in each sample of iron (II) nitrate passed
through the capacitor, and at 50V the capacitor over-heated to the point that the solution boiled.
12.3 DISCUSSION
The J:apacitor effectively removed calcium from both solutions Although the capacitor removed an
. increasing proportion of the dissolved calcium at higher potential differences, it over-heated above 40V,
without substantial increase in the proportion of calcium removed. It suggested that using the capacitor at
40V will provide an acceptable level of removal of calcium, to under 40ppm, without over-heating the
instrument.
Although the capacitor effectively removes manganese at first, it becomes clogged 'up with precipitate.
This precipitate is manganese oxide, formed by the oxidation of the dissolved Mn2+. The formation of this
precipitate makes the use of the capacitor for the removal of dissolved manganese ineffective.
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Thecapacitor precipitated a solid from iron (II) nitrate immediately, and even at low potential differences.
the precipitate is probably iron (III) hydroxide. So although the capacitor removes dissolved iron from
water, the technique is not practical, since the instrument becomes clogged and inoperative.
This initial work shows that the capacitor can be used for very effective removal of certain key metals
frommine water. Further investigation, up to pilot plant level, could show whether or not the design can
bedeveloped into a practical and affordable mine water treatment method.
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CHAPTER 13. CONCLUSIONS TO THIS STUDY (THIS THESIS)
OBJECTIVE 1: Examine and review the major geochemical processes which influence mine water
1. Forms of metal speciation, the process of acid rock drainage and different forms of contaminant flow
can have a strong influence on the geochemical properties of surface water and groundwater.
2. Multivariate analyses can be useful tools in environmental geochemistry and management.
OBJECTIVE 2: Apply the new national water and environmental legislation to the mining industry
and discover how mine water management wili be regulated under the new dispensation
1. The changing legal framework of mine water management forms part of broader legal, policy and
practice changes in South African society.
2. The regulation of mine water management is coming mainly under the control of the Department of
Water Affairs and Forestry (DWAF), which will devolve such control to local Catchment Management
Agencies.
3. The National Water Act (Act No 36 of 1998) (NWA), and the Mine Water Regulations filed under that
Ace, regulate the folioing activities in mining, amongst others:
• Locality of operations;
• Water extraction;
• Design of process and clean water systems;
• Waste -disposal;- - - -- --
• Irrigation of land with waste or water containing waste;
• Recharging of an aquifer with waste or water containing waste;
• Streamflow reduction;
• Suspension of operations; and
• Closure.
4. Both the NWA and the National Environmental Management Act (Act No 107 OT_1998U~~_~A) provide
for application of the "polluter pays" principle (recovery of remediation costs from polluter) and
compulsory reporting of emergency incidents and accidents.
5. Discrepancies and duplications exist between the forms of environmental impact as~~ssl11ent required
under environmental legislation and under mines legislation. It is hoped that the_'en~i.:?_ag:e-il~ewMines
and Minerals Act will resolve these problems.
6. In considering a license application or an Environmental Management Programme;-lhe-Director:
Mineral Development will have to:
1 "Regulations on use of water for mining and related activities aimed at the protection of water resources",
Government Notice R704 of 4 June 1999
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• Apply the National Environmental Management Principles" and the NWA's Purpose of Act
3
in
making his or her decision;
• Ensure that appropriate water use and waste disposal permits have been obtained by the
mine from DWAF;
• Consider if the mining license application complies with the Minerals Act";
• Consider if the EMPR is drawn up according to regulations, and reasonable; and
• Hear interested and affected parties and apply appropriate provisions of the Promotion of
Administrative Justice Act (Act No 3 of 2000).
7. Water, environmental and mining legislation all provide for investigation by central government and for
government intervention to protect the environment.
OBJECTIVE 3: Examine the approach of Integrated Catchment Management, as the nationally-
favoured water management approach, and discover how this approach can be applied to the
mining industry
1. South African mines face many problems in mine water management, but the most important are
waste water disposal and contamination of surface water and groundwater by rock dumps and slimes
dams.
2. Integrated catchment management, an aim of national water policy, is a holistic approach to managing
water resources. It will develop within the context of democratisation and co-operative governance:
proper stakeholder and community participation.
3. Integrated catchment management requires industry and community participation, active strategic
- planning, quantitative data, computer modelling and a user interface.
4. Mining can play a role in integrated catchment management, beyond the legal minimums, by
..::_..::_ participation in catchment management agencies and other fora, _de,{~~pltlg its- own -water _- --
conservation strategies, provision of data and professional expertise. _ _ __
- - - ----- -----
- ---
5. Work done in the Witbank coalfield is a good example of integrated catchment m~nage_!11entin mining=-__:_:_::__
6. The changing legal framework of mine water management is a challenge to the mining industry. The
industry is challenged to deal with new regulations, but more importantly, to act responsibly within a
national framework of sustainable and co-operative management of environmental resources.
OBJECTIVE 4: Conduct two case studies, where environmental geochemistry, general
geochemistry and multivariate analyses are used as tools to investigate and explain groundwater
contamination problems in mining areas, and suggest mine water management interventions on
the basis of these investigations; --- --- - ---------_
In the Sis hen Case Study, Part 2 of this thesis, the following was found:
1. Factor analysis identifies three main signatures in the groundwater: (i) a clean dolomite signature, (ii)
an agricultural signature and (iii) a signature due in part to contamination from the mine's rock dumps.
2 Section 2 of NEMA
3 Section 2 of NWA
4 Section 9
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Historical data and the factor analysis support the contention that the Kathu, Khai-Appel and Sacha
Compartments are a separate geohydrological system from the three mine compartments.
2. Water in the Kathu and mine compartments is clean dolomitic water, except where it is contaminated
by leachate from mine dumps, slimes dams or from the central workshops.
3. The thrust fault in the west may have a local influence on the aquifer chemistry.
4. The mine dumps and the central workshops have noticeable affects on the aquifer chemistry, but the
pit itself has only a limited affect.
5. Groundwater from all four compartments is too saline for some agriculture: salt-sensitive plants may
be suffering from the use of this water for irrigation.
6. The mine compartments show contamination by nitrates, probably from blasting. Although levels are
currently generally below the maximum safety limit, this is a source of concern since groundwater
form the mine compartments is supplied to the towns of Dingleton and Sesheng, for drinking
purposes.
7. The chloride content in the mine compartments is generally is too high for the safety of aquatic
ecosystems. This is problematic with regard to disposal of water into the Gamagara River.
8. Diesel contamination of the groundwater is widespread and appears to be increasing.
9. There is some nitrate contamination from agriculture in the northern areas, making the water locally
unsuitable for irrigation purposes. Agriculture also appears to have contaminated the northernmost
parts of the study area with potassium and ammonia, although not to dangerous levels.
10. Management interventions that could be undertaken by Sishen Mine include:
• Minimising the affect of higher nitrate concentrations on groundwater users (Kathu, Dingleton and
Sesheng towns, farms) by blending water from the mine compartments with water from Khai-
Appel or Kathu compartments, where there is no nitrate problem;
Construction of drainage channels around the rock dumps and the edges of the built-up area, to
_. __ -,c=ollect_ruQoff, which could then be piped to the slimes dams; and
• Introduction of regime of more careful handling of diesel fuel in the workshops and service areas.
•
In the West Driefontein Case Study, Part 3 of the thesis, the following was found:
1. Factor analysis identifies two main signatures in the groundwater: (i) a Signature due to contamination
from the mine, and (ii) a clean dolomitic water signature. Cluster analysis suggests possible zonation
of the aquifer into a southern (mine area) zone, a central zone and a far northern zone.
2. Groundwater in the south of the compartment is dominated by the influence of West Driefontein Gold
Mine, especially in the vicinity of slimes dams. This corresponds to the southern zone suggested by
cluster analysiS.
3. The influence of West Driefontein Gold Mine on groundwater in the central areas is less pronounced,
-
although the slimes dams contaminate the groundwater locally. The northern area has larqely.clean _
-_-----
groundwater, dominated by the original dolomitic water signature. Together these areas correspond-to-
the central zone suggested by cluster analysis.
-
4. The far northern area has largely clean groundwater, dominated by the original dolomitic water
signature and influenced by the underlying granites. This corresponds to the far northern zone
suggested by cluster analysis.
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5. Specific sources of contamination at West Driefontein Gold Mine include the slimes dams, the rock
dumps (especially the 2 shaft and carbon leader dumps), the underground workings and the settling
ponds. The impact of the settiing ponds and of the slimes dams is increasing. It is worth noting that
Slimes Dam No 1 site, which was cleared of slimes over a year before sampling was done for this
study, is still causing a noticeable impact on the aquifer beneath it. Thus all of the slimes dams will,
under current conditions, continue to contaminate the aquifer, even if they are removed.
6. Heavy metal contamination in the southern area, which is probably related to mining operations,
includes high levels of iron, arsenic, manganese and lead in the groundwater.
7. There is no clear evidence for the use of fissure water in irrigation having an impact on the aquifer
However, high electroconductivity recorded throughout the central, north and far north areas of the
aquifer may be connected to these irrigation practices.
8. Agricultural activities in the central, north and far north areas of the aquifer appear to be contaminating
the aquifer with nitrate.
9. There is no clear evidence for any impact on the aquifer of activities in the Carletonville urban area,
unless they are, along with agricultural activities, contributing to the aquifer's nitrate loading.
10.!n regard to the use of groundwater for agricultural purposes:
• The use of water in the north and far north areas for livestock watering is general!y safe, but
nitrate levels are too high for this purpose in the central areas;
• The use of water in the central, north and far north areas for irrigation is inappropriate, due to
electroconductivity levels being too high throughout, and nitrate, manganese and zinc being
too high in some areas; and
• The use of water pumped from the south-east (mine area) for livestock watering is generally
safe, but use for irrigation is inappropriate due to electroconductivity levels being too high
throughout, and manganese, arsenic and soidum levels being too high in some areas.
11.yvater in no part of the compartment is safe for domestic use, due to iron, calcium and magnesium- levels being too high throughout, and nitrate levels being too high in the central and norftlareas.-There
"are also problems with high sulphate, arsenic, mercury, manganese and lead levels in some' areas; -, -,-:'
notably in the south-east. This has serious implications for considering the aquifer as- part of an ---
emergency back-up water supply for Gauteng.
12. Management interventions that could be undertaken by West Driefontein Gold Mine include:
, • Rehabilitation and revegetation of slimes dams and slimes dam sites, taking into consideration' - -- --
recent reserach on re-vegetaion;
Ensuring proper storm water control facilities at all slimes dams and rock dumps;
Replacing toe paddocks with toe canals, feeding the return water dams;
•
•
• Site selection for any future slimes dams should consider the environmental consequences of'
-
construction of slimes dams on dolomite, especially where the rock is deeply weathered~=-~ ~--~~-=-=-~-
• The current settling ponds should be replaced, preferably with new, concrete-lined ponds; -=--_::.:- --
• Mechanisms of further improving the quality of mine process water prior to discharge should ~e
looked into, such as innovative desalination and metal extraction methods, use of constructed
wetlands and blending with fissure water; . -
• There is room for improvement in the fissure water treatment process;
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• An investigation should be made to see if such the bird life and fish in Harry's Dam are
accumulating metals in their tissues, especially since the dam is used for fishing; and
• Post-closure cleaning of the aquifer should be investigated.
OBJECTIVE 5: Considering mine water problems discovered in the case studies, develop a newly-
patented chemical treatment method for possible application in the mining industry.
In the development of a flow-through capacitor for extraction of metals from mine water, Part 4 of this
thesis, the following was found:
1. The capacitor effectively removed calcium;
2. Although the capacitor effectively removes manganese at first, it becomes clogged up with
manganese oxide, making use of the capacitor for the removal of dissolved manganese less effective;
3. Although the capacitor removes dissolved iron from water, the technique is not practical, because the
instrument becomes clogged and inoperative.
4. Further investigation, up to pilot plant level, could show whether or not the design can be developed
into a practical and affordable mine water treatment method.
More generally, mine water cannot be managed without considering the geochemical processes that
affect mine water, and without using environmental geochemistry as an investigative too!. At the same
-
time, environmental geochemistry cannot be practised in isolation from the management implications of
geochemical processes.
To conclude, it is no longer possible, in these times of integrated environmental management, and of a--
sense of growing social and environmental responsibilities to practise one's profession as a professional
_--=of....,aslQgle~ nqr[Qwly..:-defin_ed_discipline.One must be multi-disciplinary in approach or fail to s_e~~e whole----.-
-::.__ _p~c~u~e,f~I_!?_do pr1_e's~rof~ssional duty to one's client or employer and fail to see one's responsibilities. ~~~-=-~--_ --------
---~-
-- - --_.
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APPENDIX 1. SUBMISSIONS MADE
APPENDIX 1A. WHITE PAPER ON A MINERALS AND MINING POLICY FOR SOUTH AFRICA
23 December 1998
The Director-General
Department of Minerals and Energy
Dear Advocate Nogxina
RE: SUBMISSION ON THE WHITE PAPER ON A MINERALS AND MINING POLICY FOR SOUTH
AFRICA ..~... -
This submission is that of a private individual, and should not in any way be taken as expressing the
views or responsibilities of the University of Stellenbosch.
CHAPTER 4: ENVIRONMENTAL MANAGEMENT
Section 4.4i)
"The DME, in consultation with the relevant State Departments, will develop procedures to accommodate
their requirements."
With respect to the Department of Water Affairs and Forestry, an electronic system, WARMS (Water Use
Authorisation Management System), is currently under development at DWAF for electronic management
. of water licence applications. It is recommended that any joint or co-ordinated procedure from the DME
would still feed into the WARMS system for water licence applications.
Section 4.4iv)
It is suggested that, to assist in the education of mining entrepreneurs and small-scale miners, that the
DME establish and fund an environmental training unit, that could hold workshops around the country
Section 4.4viii)
In the 1997 Green Paper, this section included reference to social and economic factors related to mining,
but this has been dropped from the White Paper. It is suggested that requirements be made for a mining
operation to consider social and socio-economic factors that will affect the local community, in all phases
. of the mine's life. Such requirements could form part of the Environmental Management Programme, and
help to prepare communities for the socio-economic impact of a mine, and the problems they will face on
its closure.
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Section 4.4ix)
In capacity building, it is suggested that a body similar to the [Mine] Health and Safety Inspectorate be
established, to implement and monitor environmental regulations.
Section 4.4xii)
It is suggested that a body similar to the Water Research Commission could be established and funded,
to co-ordinate and fund research on environmental management in the mining industry.
Respectfully yours
DAVID LOVE B.Sc. Hans.
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APPENDIX 1B. NATIONAL ENVIRONMENTAL MANAGEMENT BILL
28 July 1998
. The Acting Director-General
Department of Environmental Affairs and Tourism
Dear Sir
RE: SUBMISSION ON THE NATIONAL ENVIRONMENTAL MANAGEMENT BILL
This submission is that of a private individual, and should not in any way be taken as expressing the
.views or responsibilities of the Universityof Stellenbosch.
Section 32: It is suggested that the department should develop an electronic system, similar to the
proposed WARMS (Water Use Authorisation Management System), currently under development at
DWAF for electronic management of license applications. This would facilitate information dissemination
greatly.
Section 34(1 ): Schedule 3 does not include the Minerals Act (No. 50 of 1991) or the Mine Health and
Safety Act (No. 29 of 1996). This means that mining companies and officers who infringe these acts are
, not liable for "polluter pays" recovery of costs (sub-section (2)) or recovery of illegal profits (sub-section
.(3)). It is suggested that these two acts be added to Schedule 3.
Section 45: Rather than a bureaucratic appeal process, the bill should establish an Environmental Appeal
Board, similar to the Water Appeal Board envisaged by section 145 of the National Water Bill. This would
ensure fair treatment of all persons, and avoid burdening the minister's office with unnecessary
responsibilities.
Respectfully yours
: :---
DAVID LOVE B.Sc. Hens.
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APPENDIX 2. CHEMICAL DATA
APPENDIX 2A. SISHEN CHEMICAL DATA
2A1. Historical Data
2A2. Data Collected During the Course of the Study
APPENDIX 2B. WEST DRIEFONTEIN CHEMICAL DATA
2B1. Slimes Dams
2B2. Drainage From Sorted Reef Rock Dump
2B3. Settling Ponds
2B4. Harry's Dam
2B5. Fissure Water Canal
2B6. Bank Canal
2B7. Oberholzer Canal
288: Aquifer Chemistry, 1995
2B9. Aquifer Chemistry, 1996
2B10. Aquifer Chemistry, 1997
APPENDIX 2C. CHEMICAL DATA FROM TESTING OF CAPACITOR
2C1. Removal of Calcium
2C2. Removal of Manganese and Iron
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Appendix 2A 1.1 Macro-element and metal analyses of groundwater. Sishen, 1984-1998
'MACRO-ElEMENTS'
DATE ,",OMPART SAMPLE ELECTRIC TOTAl DIS. NO,
SAMPLED MENT 10 CONDo SOUOS pH Na Mil Ca F CI +NO,
mSim ppm ppm ppm ppm ppm ppm ppm N
1984 SOUTH ? 73.3 7.8 15.6 42.0 79.4 0.4 25.7 1.36
1984 NORTH ? 70.1 7.9 16.3 41.2 68.6 0.3 30.1 1.54
1984 KATHU ? 85.0 7.9 26.4 50.3 77.6 0.3 54.8 2.80
1986 ? ? 61.1 462.0 rs.o !:>.U lJ. ~ _Q_lJ_ _~06
1991 SOUTH ? 56.9 7.9 18.0 41.0 2.0 O_d 2~ 1.6~
1991 NORTH ? 62.0 7.9 16.0 43.0 80.0 0.3 25.0 3.29
1991 KATHU ? 74.0 7.8 27.0 53.0 89.0 0.2 55.0 1.94
11/94 SOUTH H2 63.9 8.8 15.0 38.0 66.0 0.5 27.0 210
i li94INORTri SW334 60.31 8.i 15.0 400 79.01 0.4 23.0 3.48
11/94 KATHU SW285 83.0 8.0 27.0 51.0 85.0 0.3 56.0 1.79
1995 ? OJ. 000. 8. ~ ~ _!30 U.!:> _L .u z.io
1996108105 SOUTH H2 . 63.0 347.3 8.1 14.8 35.9 66.5 00 25.3 11.30
1996108105 NORTH SW334 72.2 .7.9 14.0 39.0 79.0 0.3 19.0 5.94
1996108105 NORTH SW412 70.0 401.0 8.1 16.2 38.3 78.9 0.0 21.7 21.90
1996108105 DWYKA SA432 58.0 310.5 8.3 25.6 40.4 38.6 0.0 34.4 2.20
1996108105 WEST SW307P 78.3 7.7 17.0 42.0 84.0 0.3 27.0 3.07
1996108105 KHAl-APPE SW371 ,40 78.0 410.0 8.3 38.5 53.2 35.2 00 74.5 3.10
1996108116 SOUTH H2 68.0 553.0 7.7 15.0 38.0 69.0 0.2 22.0 1.22
1996108120 NORTH SW334 72.4 591.0 8.2 15.0 40.0 75.0 0.3 21.0 3.10
1996108119 WEST SW307P 78.9 637.0 8.2 20.0 44.0 81.0 0.4 31.0 2.15
1996108119 KATHU SW285 90.1 722.0 8.1 29.0 52.0 87.0 0.1 52.0 0.81
1997/03/04 SOUTH H2 68.0 536.0 7.9 15.0 38.0 69.0 0.2 23.0 1.86
1997/03104 NORTH SW334 72.4 576.0 7.7 15.0 39.0 78.0 0.3 22.0 4.60
1997/03/04 WEST SW307P 80.3 639.0 7.8 20.0 42.0 86.0 0.3 34.0. 2.74
1997/03/04 KATHU SW285 90.8 718.0 7.9 29.0 51.0 90.0 0.1 55.0 1.01
1997/06102 SOUTH H2 68.0 537.0 8.1 14.0 39.0 71.0 0.2 zr.o 2.29
1997I06I02 NORTH SW334 72.2 577.0 7.9 14.0 39.0 79.0 0.3 19.0 5.94
1997106102 WEST SW307P 78.3 624.0 7.7 17.0 42.0 84.0 0.3 27.0 3.07
1997I06I02 KATHU SW285 91.0 718.0 7.8 26.0 51.0 90.0 0.1 56.0 1.57
1997/09(29 SOUTH H2 68.5 566.0 7.9 14.0 39.0 71.0 0.2 25.0 1.18
1997109(29 NORTH SW334 72.6 574.0 7.6 14.0 40.0 76.0 0.3 23.0 5.35
1997109/29 WEST SW307P 76.7 623.0 8.0 17.0 43.0 81.0 0.3 29.0 2.15
1997/09(29 KATHU SW285 90.7 718.0 8.0 27.0 52.0 '90.0 0.1 55.0 0.71
1997/12109 SOUTH H2 72.0 537.0 7.9 14.0 39.0 70.0 0.2 21.0 2.14
1997/12109 NORTH SW334 75.5 570.0 7.9 15.0 39.0 77.0 0.3 20.0 5.28
1997/12109 WEST SW307P 80.6 630.0 7.8 18.0 42.0 84.0 0.3 25.0 1.89
1997/12109 KATHU SW285 95.3 711.0 7.8 28.0 50.0 92.0 0.1 52.0 1.60
1998102106 SOUTH H2 70.1 549.0 8.1 15.0 39.0 71.0 0.2 21.0 0.59
1998/02106 NORTH SW334 74.6 582.0 8.1 15.0 40.0 78.0 0.3 21.0 4.83
1998/02106 WEST SW307P 79.3 832.0 8.1 19.0 43.0 84.0 0.3 27.0 1.57
1998102106 KATHU SW285 93.4 710.0 8.1 28.0 52.0 88.0 0.1 57.0 1.41
1998112129 SOUTH H2 67.9 543.0 8.1 14.3 41.1 67.0 0.2 24.7 1.96
1998112129 NORTH SW334 68.5 539.0 7.9 14.6 40.9 65.3 0.3 23.2 4.64
1998112129 WEST SW307P 73.6 593.0 8.0 18.1 43.3 73.7 0.3 27.3 1.68
1998112129 KATHU SW285 68.2 543.0 8.0 14.2 39.8 68.6 0.2 23.9 3.09
METALS
DATE SAMPLE V Cr Co Ni Zn Cu ,As Fe Se
10 ppm ppm ppm ppm ppm ppm ppm ppm ppm
1996108105 H2 0,00244 0.002 0.000983 0.0349 Jio00424 0~89 Jio ()()_@:l <20001 0.0:g3
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App.ndlx 2A1.1 MacnHllement and metal analyses of groundwater, Sishen, 1984-1998
DATE r--VMr-"" SAMPLE
SAMPLED MENT 10 so,
Oltho Total Total
PO, Alkalis Hardness SI K NH,
ppm ppm P !ppmCaCO ppm CaCO ppm J'~m ppm N
REFERENCE
lli94,NORTM iSW334 <0005 1 321.0 14.5 3.Ci<O.04
I of Waler Affairs and I_orestry, 199'!
~~1~~I~~U~I~H1-~?~~ __ ~15~. __ ~<C.~~~~3~~I~ +-__~I118~1..2~ __ ~1~, __ ~1~03.S"I,·s..hen,EMPR.I992
. 1984[NORTH ? 16. <C. os 330.0 15.0 2. 0.03
1984[KATHU ? 25.4 <O.~ 322.0 16.3 3.I 0.03
ll:16ti ? U.Ul:l 18' .U 9.3 D.04 Sishen EMPR, 1998
r-~'W~'I~&JL~T~H'_~? __ ;- __ ~~~~)I(~~~~OO~'~ 1- __ ~'4~. __ ~2~ ..5~ __ ~O,.~IIISishentMPR,I992
tss: INORTH ? 13. .)1( I3C 1.7 2.3 0.04
IWI lKATHL ? 26. . )1( 322.0 15.5 3.0 0.03
111941SOLTH IH2 _<!. ~ 312.0 11. 3. 1<0.04
_11194[KATHU [SW285 <O.~ 380.0 13.6 3.7[<0.04
19\r.) U.U3U 31:>. 14. 3. <0.04 [Sishen EMPk, WiolI:l
1199J8I lSOL 'H H: 10 0.00 295.' 3.0 [Pratorius and Bekker, 97
J8I [1II9RTH SW334 "OJ)05 317.0 16.5 2.1[<0.04 ,0tWater irs and Forestry, 1996
J81:J5[NOgTJj_ SW412 10.8 0.000 345.0 2.8 IPretorius and Bekker,
J81:J5OWY<A SA432 15.4 O.CXX: 245. 4.1 IPretorius and Bekker,
[SW~7P 0.006 347.0 18.C 2.2[<004 totWatert irs and Forestrvvsss
!l6I08I05IKHAJ,APPFISW371,40 29.8 0.000 280. 0.4 [Pretorius and Bekker, 1997
96101 ISOL fH IH: 315. 13. 2. 1<(,04 ~ .....'U rent otWater Mairs and I_orestry, 1996
JF fH ISW334 .331.0 16.6 2.2[<0.04
199611l1Vl,['N_E:HI !§\IV307P _2! 1.007 348.0 18.1 2.3[ <0.04
~VI' [KATHU ISW285 3C 1.006 383.0 14.8 2.8[<0.04
1I03I04 ,SOL fH iH2 I.~ 04. 04
7I03I04iNORTH 1SW334 12. O. os 118. H .04
!of Water Affairs and Forestry, 1997
97I03I04IWES' 'SW~7P 20 1.006 145. 11!.4 .04
1I03I04 ~THL !SW285 31 I.~ 172.1 !.9 .04
t;Q~~'1_;f::ifj:;VOIU'5t~i~SOU~"Tjj-H-t;H~2i'iT---t __ --,I~".~0<0~)..~~-t __ ~~~I.'0;t- t----;'~3..it--7 __ ~2..2;t[<;ii0I~...4:i--tl,",,>xu co,,Q"I of Water Aftalrs and Forestry, 1997
'I\IOo'\J~INORTH ISW334 1'.0<0.~ 317.C 16.5 2.11<0.04
'SW307P 16.0 0.006 347.0 18.0 2.21<0 04
_1_9 'I06I02 KATHU SW285 27.0 0.007 377.0 15.2 3.01<0.04
997109t: WES- m307P
'!!!!!!!r. 'SA.I.Hl.J_ "''1285 II. 171. 1 <I 14
~~~~=r.~~U~I~7-~ll~~;- __ ~1~2'r--71~024r-_~~04~I.~ ..0r- +-__~13~.. --~~I<U~I ..U~4__i1'"" .....'U"Q"I~WaterMalrsandI-Orestry,199f
l!! 7/12109 NORTH iVV334 9. O.~ 316.0 16.9 2. 1<0.04
l!! 7112109 WEST SW~7P 27.0 <O.~ 348.0 18.2 2. 1<0.04
l!5 7112109 KATHU SW285 24.0 <O.~ 374.0 15.4 2.91<0.04
~~~~~&~JL~·H~~~~~~~r<c~.~~ __ ~3~'1~5' -1~~~ *'.4~~~I~~'U' tofWaterMairsandForestry,l998
IS8IC NC fH W334 oos 318.
IS8IC WE: W~7P <C 3440 .31<1 14
~ KAT IU W285 .3: ).006 364.0 5.! 1.01<1.14
~~/Fl9=r.SC~~~ll H7-+.H~2:-::-:-~ __ --;1731..-=+-8__ -=,01..=-:'UC08=-=+-__ ~3C04=-=1.~..6r-----+---~11.;:.-41. C'+- ~2..-7t--_--,0;::-:1..0~)·,I'"" .....' U "Q"( of Water Mairs and I_orestry, 1998
.!.!I !!I12129NORTH SW334 14.0 0.008 293.3 16.4 2 I 0.01
.!.!I 8112129WEST SW307P 20.1 0.011 328.5 17.5 2.2 0.02
_1_9 8112129KATHL SW285 12 0.006 30 . 14.8. 2.1 0.01
DATE SAMPLE Mn Si Mo N Cd Sn Hg Pb REFERENCE
10 ppm ppm ppm ppm ppm ppm ppm ppm
~08I05 H2 0.003 14..1 0.0219 <0.1 000175 0.037 .00081 .002 If'retorius and Bekker, 199
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Appendix 2A1.2 Diesel analyses of groundwater, Sishen, 1984-1998
III
(5
E
(5
-r- 8~ ~~ 1ll~ 8 0 8 ~~8.....
~~
00 .......... 00 0 0 0 oNov v
"If" 0:::
$:0
~~
R 8~ g8 28 ~~ ~8 8 8 0I'-
~~
..... 00 00 00 _':o 00 0 0 0v v v
. "If" 0::: .....
$: 0 0
~ ~ v 8r--8~ gg ~~ 8 0 0 8..... "If"
.....I o~ 00 00 0 0 a a <D •('ll- v I V
"If" 0:::
$: 0
~ ~ 8g 88 ~~ 8 8 8 8 0 -.....
~~
o~ 00 00 0 0 0 0 0
V
"If" 0:::
$: 0
~ z. 0- g82 88 g~ 8 0 8 8f'-: .....
en ON 00 _':O 0 ..... 0 0 0 0..... V
"If"
$:
~ - ~a 8 8 8 8coI -0 0 0 0 0.....1- I"If" 0:::$: 05!l. ~ 8~ 8 I'- 0 8~ 80 N.
N I 00 a 0 0 ON a..... I-
"If" 0:::
$: 0
5!l. ~
8 0 0 en 0 -0 "If" N .....
I'- 0 0 0 0 0
0 V
"If" -;
$:en
8 0 --.....
en ::::l 0 0
~
I v
~en
0 8.....
(D::::l 6 0
~I v
$:1-
en~
0 8 0 0..-- ..... .....
(")::::l d 0 0 0
~I v v v
~S
888 0 0 88 8~8 ~..... .....
~~
0 00 0 0 0 0 0 00v v v
(")0:::
$:0enz
8
..... 0
(")
(")
$:en
0 (")0..... ..... .....
~~
0 00v v
(")0:::
$:0enz
0.....
~
0v
$:en
w Q (DI§II0
10 0 10 § 10 10 10 ~ ~ ~ ~ ~~ 1mI ~ ~
.....
~
.....
~ ~
...J ,_: 0 ;::::s Q ..... .....a,
~ ~
..... ..... ..... 0
w :::E ffi ffi ffia:: 0g o ..... ..... ..... ... ... ... ..... ..... ... ..... ..... ..... ... ...
235
Appendix 2A1.2 Diesel analyses of groundwater, Sishen, 1984-1998
I~
236
Appendix 2A2 Chemical analyses of groundwater, Sishen, 1999
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Appendix 282. Drainage from Sorted Reef Rock Dump
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Appendix 2C2. Results of testing of capacitor: removal of manganese and iron.
SAMPLE CONC I (low) I (high) I (mean) PO PRODUCT NOTES
ppm rnA rnA rnA V CODE CONC ppm
MnCI2 200 30 40 35.0 5 1020201 4
MnCI2 200 60 80 70.0 10 1020202 14
MnCI2 200 90 110 100.0 15 1020203 8
MnCI2 200 100 155 127.5 20 1020204 13
MnCI2 200 150 170 160.0 25 1020205 5
MnCI2 200 145 190 167.5 30 1020206 4
MnCI2 200 25 20 22.5 5 1020207 49
MnCI2 200 50 55 52.5 10 1020208 17
MnCI? •.200 60 701 65.0 15 1020209 11
MnCI2 . 200 105 140 122.5 20 1020210 28
MnCI2 200 130 170 150.0 25 1020211 15
MnCI2 200 150 195 172.5 30 1020212 7
Mn(N03h 500 90 105 97.5 10 01MN50-D over-range
Mn(N03h 500 210 390 300.0 20 01MN5O-D over-range
Mn(N03h 500 390 460 425.0 30 01MN50-0 205
Mn(N03h 500 320 700 5100 40 01MN50-0 108
Mn(N03h 5QO 500 850 675.0 50 01MN50-0 70
Mn(N03h 500 950 1500 1225.0 60 01MN50-0 70
Mn(N03h 500 50 95 72.5 10 01MN50-D 100
Mn(N03h 500 120 220 170.0 20 01MN50-0 over-range
Mn(N03h- 500 130 310 220.0 30 01MN50-0 over-range
M~03)2 .".~... 500 300 600 450.0 40 01MN50-1 over-range
Mn(N03h 500 500 600 550.0 50 01MN50-1 71
Mn(N03h ~ 500 610 800 705.0 60 01MN50-1 64
Mn(N03h 200 45 80 62.5 10 01MN2O-D over-range
Mn(-NG:;h 200 90 200 145.0 20 01MN20-D over-range
filn(N03h 200 110 225 167.5 30 01MN2O-D over-range
Mn(N03h- 200 170 300 235.0 40 01MN20-0 over-range
Mn(N03h 200 350 650 500.0 50 01MN20-D over-range Clogged up
Mn(N03h 200 500 850 675.0 60 01MN20-0 100
SAMPLE CONC I (low) I{hi~) I (mean) PO PRODUCT NOTES
ppm rnA rnA rnA V CODE C_?NCppm
FeSO~ -500 0.0 10 01FE5O-D1 precipitate
~eS04 500 0.0 20 01FE50-02 precipitate
FeS04 500 0.0 30 01FE50-03 precipitate
FeS04 500 0.0 40 01FEsb-64 pr~ipitate
FeSO~ -., 500 0.0 50 01FE50-05 precipitate Capacitor boiled_- -- ---
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